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ARMAND TROUSSEAU AND THE ARROW OF TIME 


It has been said that science gives history 
its time arrow. That is, science is cumula- 
tive in time, Einstein’s work being clearly 
more recent than Newton’s and Newton’s 
than Galileo’s. Art, for example, is not as 
obviously oriented in time: it is by no 
means assured that future archeologists will 
immediately recognize the statues of Henry 
Moore as having come twenty-four centuries 
after Phidias’ or the latter day Picassos five 
hundred years after Botticelli’s paintings. 

Yet if more attention is given to the 
details of the history of science what at 
first sight appears to have been a straight 
course was often a series of meanders. 
Perhaps the most amazing example of a 
temporary about-face in scientific develop- 
ment is found in our own science of nutri- 
tion, the abandonment of Trousseau’s dis- 


covery of the etiology and treatment of 
rickets. 


This was not, as in the case of Gregor 
Mendel, an example of the light burning 
under a bushel. Trousseau was one of the 
most celebrated physicians of the nine- 
teenth century. Born in Tours in 1801 he 
was by 1860 professor of clinical medicine 
at the University of Paris, Physician-in- 


Chief of the largest and best known Paris — 


Hospital, the Hotel-Dieu, a member of the 
Imperial Academy of Medicine and of 
many other European Medical Societies, 
a former member of the French Parliament 
and the recipient of high honors from 
countries extending from Britain to Persia. 
His “Clinics” (A. Trousseau, Clinique 
Medicale de VHotel-Dieu de Paris, J. B. 
Baillere et fils, Paris 2 vols; vol. 1, 1861; vol. 
2, 1862) which were famous for the excel- 
lence of his descriptions of diseases were 
published and distributed in Paris, London, 
Madrid, Leipzig and New York, the English 
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translation of the second edition (3 vols, 
1865) being made by the New Sydenham 
Society and printed in America by Blakiston. 
The ‘‘Trousseau sign” as described in his 
Treatise on Therapeutics (1858) and in 
these “Clinics” is still a routine tool in the 
diagnosis of tetany. Trousseau was particu- 
larly interested in rickets, then rampant in 
Western Europe. He set out to prove that 
rickets is a disease brought about by a 
combination of an inadequate diet and a 
sunless climate, that it is made more acute 
by more rapid growth, that osteomalacia 
is adult rickets, and that both rickets and 
osteomalacia can be successfully treated by 
administration of fish liver oil, preferably 
accompanied by exposure to sunlight (op. 
cit., vol. 1, Chapt. 78, pp. 783-820). 
Trousseau called attention to the experi- 
ments of Jules Guérin (Gazette Médicale des 
hopitaux de Paris, 16, 332, 1838). This 
precursor, an experimentalist as well as a 
fine clinician, had weaned puppies, placed 
them in a dark basement and fed them raw 
meat while their littermates were left with 
their mothers in a normal environment. 
After a few weeks the experimental animals 
“looked sad” and occasionally vomited; 
later their limbs became misshapen, and 
after four or five months the young dogs 
exhibited all the classic signs of advanced 
rickets. By contrast the littermates reared 
on their mother’s milk and later given a 
varied diet in a sunnier environment showed 
no sign of rickets. Trousseau adds that a 
similar experiment conducted on young pigs 
given no access to animal fats or to sun- 
shine gave analogous results. This led him to 
postulate that rickets was due in part to 
deficient diets. He ascribed the frequent 
occurrence of rickets in early childhood and 
in adolescence, which he supported by 
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statistics, and of osteomalacia after repeated 
pregnancies to the fact that during rapid 
growth needs are increased. Osteomalacia, in- 
cidentally, he proclaimed to be “adult rick- 
ets” on the basis of analogous bone pathology, 
of identical dietary and hygienic background, 
and of similar response to therapeutic 
agents. He also recognized that while dietary 
and climatic factors are of paramount 
importance in the etiology of rickets and 
osteomalacia, hereditary predisposition must 
also play a role since several members of a 
family will exhibit these diseases while in 
other families living in the same environ- 
ment they are completely absent. 

The most unexpected part of Trousseau’s 
clinic on rickets and osteomalacia concerns 
the treatment of these diseases. Trousseau 
relates first of all the observation of his 
own teacher, Bretonneau, on the almost 
miraculous effect of cod liver oil in curing 
a child with rickets. In 1827 Bretonneau 
was treating the fifteen month-old child of 
a Dutch family living in Tours. The child 
had acute rickets and Bretonneau tried 
without any success all the drugs then in 
favor for this disease. After four or five 
months the father recalled that his oldest 
son had been successfully treated in Holland 
with cod liver oil. Bretonneau tried it and 
was struck by the “incredible speed” with 
which the patient was cured. He tested cod 
liver oil on other patients with rickets, and 
had uniform success. Trousseau, besides 
extending this treatment to osteomalacia, 
audaciously postulated that cod liver oil was 
acting as a fat containing unknown bene- 
ficial food components rather than as a 
specific drug (like mercury against syphilis) 
and experimented with other oils and fats. 
He found that the liver oils of ray, herring, 
and various other fishes, and whale and 
seal liver oils were also very active against 
rickets. Certain meat fats were weakly 
active. Vegetable oils had no effect. The 
crude fish oils were much more active than 
the refined, bleached preparations. Butter 
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in very large amounts (a minimum of 60 g. 
per day) also had some curative effect but 
Trousseau experienced difficulty in con- 
vineing his patients (or their parents) that a 
product as commonplace as butter could 
help to cure a serious disease. 

While administration of enough of the 
proper fats was stated by Trousseau to be 
the main treatment of rickets he also in- 
sisted on the desirability of patients being 
sent to the country and exposed to as much 
sunshine as possible, emphasizing the in- 
creased prevalence of the disease in sunless 
climates and the beneficial effects of sun- 
light on this condition. Finally, Trousseau 
stated that “it should go without saying” 
that “good general alimentation” is of 
prime importance. He went on to define it. 
For an infant, milk from a healthy nurse is 
“the only proper food” and in rickets should 
be given beyond the age at which a normal 
child is weaned. After infancy, both in 
childhood and maturity, the regimen must 
be as varied as possible, containing both 
animal and vegetable foods and, among the 
latter, leafy vegetables and fruits should 
predominate. 

These extraordinarily modern precepts 
were completely forgotten by 1900. Most 
medical authorities by then believed that 
rickets was a chronic infectious disease simi- 
lar to tuberculosis and advocated the de- 
velopment of a vaccine. A few held with the 
“Glasgow school” that lack of “fresh air’’ 
was the main cause of rickets. As for cod 
liver oil it was considered, even by such 
clinicians as Osler as a useless grandmother’s 
remedy. It remained for Mellanby, Chick 
and others to start again at the same point 
as Guerin and Trousseau 80 years before. 

One may only speculate as to the reasons 
for this astonishing lapse. A likely interpre- 
tation is that, in the absence of a general 
concept of deficiency diseases, Trousseau’s 
findings, even. with the previous example of 
Lind’s scurvy experiments to support them, 
remained isolated and therefore vulnerable, 
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and were swept away in the enthusiasm 
for Pasteur’s germ theory of disease. Theo- 
ries, or at least general concepts, may be as 
necessary for facts to be accepted, as facts 
are necessary to make theories convincing. 
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VEGETABLE PROTEIN IN PROTEIN DEFICIENCY 


It is now generally recognized that 
variously named diseases such as kwashior- 
kor (Africa), distrofia pluricarencial (Brazil), 
and nutritional edema (India), which are 
prevalent among the children of the poorer 
classes in these countries, are all forms of 
protein deficiency usually accompanied by 
other forms of malnutrition (Nutrition 
Reviews 13, 67 (1955)). The method of 
choice for cure of these diseases is usually 
the feeding of an easily assimilated high 
protein diet, generally reconstituted skim 
milk powder. In many of the localities in 
question, however, animal protein (even 
skim milk powder) is unavailable, too ex- 
pensive, or contrary to the dietary habits of 
the population. Consequently, an intensive 
study is being carried out to assess the value 
of locally available vegetables as sources of 
protein. If such a local source could be found, 
it would be practicable not primarily as a 
cure but as a means of prevention of protein 
malnutrition, and would have the advantage 
of being readily available and inexpensive. 

In India, in particular, many studies of 
this sort are being pursued. M. Ramachan- 
dran and S. V. Phansalkar (Indian J. Med. 
Res. 44, 501 (1956)) have investigated the 
essential amino acid content and biological 
value of a number of vegetables in common 
use in India and other tropical countries. 
The amino acids were estimated by ap- 
propriate microbiological assay, while the 
biological values of the vegetable proteins 
were estimated by the method of R. J. 
Block and H. A. Mitchell (J. Biol. Chem. 
163, 599 (1946)) based on the limiting es- 
sential amino acid. 

In general the millets contained moderate 
amounts of protein (4 to 11 per cent) and 


were low in lysine followed by tryptophan 
and methionine. The protein content of the 
pulses varied from 18 to 32 per cent, with 
methionine the limiting amino acid in most 
cases. The tubers, including the green 
plantain, were very low in protein (1 to 
10 per cent), with methionine again the 
limiting amino acid. Calculated biological 
values were highest for the millets, as a 
group, and lowest for the tubers. By com- 
parison of the same vegetable grown in 
different localities, it was found that an 
increase in total protein content is usually 
accompanied by a decrease in essential 
amino acids, thus possibly discouraging at- 
tempts to produce varieties with higher 
protein. 

In similar studies, R. G. Chitre and 8. M. 
Vallury (Indian J. Med. Res, 44, 555 (1956)) 
measured growth, hemoglobin and plasma 
protein in young rats fed various cereals and 
pulses. Diets were compounded so that each 
substance tested supplied 10 per cent pro- 
tein, except for rice and ragi (Hluesine 
caracana) which supplied 8.5 and 7.5 per 
cent protein respectively. After ten weeks 
on the diets, the rats were killed and the 
analyses were performed. Of the cereals, 
only wheat approached the value of casein 
from the point of view of growth promotion 
and hemoglobin and plasma protein produc- 
tion, with rice a poor third. Of the pulses, 
Bengal gram (Cicer arietinum, the chick pea) 
had a notably greater effect than the others 
with respect to growth and hemoglobin 
synthesis. All the pulses were poor in pro- 
moting plasma protein production. 

ince the quantity of protein was the same 
in all but two of the cases, the differences 
could only be ascribed to protein quality. As 
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in the study of Ramachandran and Phan- 
salkar (loc. cit.), Chitre and Vallury ana- 
lyzed the vegetables for essential amino acid 
content and found that methionine, lysine, 
and tryptophan were the principal limiting 
amino acids. A further effect was found 
when some of the diets were autoclaved be- 
fore feeding. In most cases, this treatment 
resulted in a further lowering of the value of 
the protein. However, in a few cases (notably 
the lentil and horse gram (Dolichos biflorus) ) 
a considerable improvement resulted, sug- 
gesting that protein was made more readily 
available by the treatment. The authors 
consider this result as evidence for the 
importance of availability of protein as a 
factor in protein value. 

Parallel studies were conducted by the 
same authors (Indian J. Med. Res. 44, 565 
1956)) in which liver protein, fat and glyco- 
gen were measured in rats which were fed the 
different vegetable protein diets. Of the 
cereals, only wheat and rice protein resulted 
in a normally low liver glycogen and only 
wheat was comparable to casein in producing 
a low liver fat and high protein. The pulses 
generally produced high liver glycogen and 
low protein but, except for lentil and horse 
gram, resulted in low liver fat. Since there 
was little correlation between fatty liver and 
methionine content of the protein, it was 
suggested that other factors were important 
_as lipotropic agents. The authors determined 
the ratio of protein to glycogen plus fat x 
average growth of the animals during ten 
weeks for each diet, and found that the 
values correlated well (as would be ex- 
pected) with the growth-promoting action 
of the diets. The cereals, wheat and rice, and 
the pulse, Bengal gram, were the only 
vegetables with ratios approaching that of 
casein. 

In an ‘experiment designed to test the 
efficacy of a high-protein vegetable diet in 
promoting recovery from protein malnutri- 
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tion, P.S. Venkatchalam, 8. G. Srikantia, G. 
Mehta and C. Gopalan (/ndian J. Med. Res. 
44, 339 (1956)) compared the usual skim 
milk treatment with vegetable diets. Of 124 
cases of nutritional edema, 49 were treated 
with skim milk and bread, 56 were treated 
with a diet composed largely of Bengal gram 
(chick pea) and bananas, and 19 were treated 
with the same diet plus rice. The protein 
content of the skim milk diet was somewhat 
higher than that of the Bengal gram diet and — 
considerably higher than that of the Bengal 
gram-rice diet. Criteria for assessment of 
results were the time taken for reaching a 
minimum weight, the time taken for resump- 
tion of normal weight gain, the time taken 
for subsidence of diarrhea, and the amount 
of increase in plasma albumin after ten days 
on the diets. 

In all but one criterion, the milk and 


Bengal gram diets were about equivalent and 


were considerably better than the rice- 
containing diet. Both vegetable diets pro- 
moted earlier recovery from diarrhea, which 
has been a consistent observation in the use 
of the milk treatment. The milk diet pro- 
duced a more rapid rise in plasma protein 
content than did the vegetable diets, but 
after 30 days the plasma protein effect of 


the milk and Bengal gram diets were about 


equivalent and was considerably higher than 
for the rice-containing diet. 

All patients on the vegetable diets were 
reported to show remarkable clinical im- 
provement and it is evident that, with 
proper selection, a high-protein vegetable 
can be used for this purpose. The real value 
of such experiments, however, will be in the 
demonstration that a proper selection of 
vegetables in the diet of a general population 
can prevent the occurrence of protein mal- 
nutrition. Such a program should be well 
within the reach of any country in which 
such vegetables are, or could be made, a 
part of the normal diet. 
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SERUM CHOLESTEROL IN INDIAN ARMY PERSONNEL 


As a result of epidemiological studies, 
primarily by A. Keyes et al. (Arch. Int. Med. 
93, 328 (1954)) and A. R. P. Walker and 
U. B. Arvidsson (J. Clin. Invest. 38, 1358 
(1954)), the theory has developed that the 
amount and type of dietary fat consumed 
by an individual bears an important rela- 
tionship to the level of cholesterol in the 
blood (see Nutrition Reviews 14, 193 (1956); 
15, 1, 17 (1957)). It also has been shown 
that the blood cholesterol level of men on 
high fat diets increases with age (Keys 
et al., J. Clin. Invest. 29, 1347 (1950)). 

A study bearing on this problem, from a 
part of the world which has received little 
attention in this field, is that by H. P. 
Nath, K. K. Gupta and P. V. K. lyer 
(Ind. J. Med. Res. 45, 217 (1957)) from the 
Indian Defense Science Laboratory. Ac- 
cording to the authors this study was 
prompted by an increasing incidence dur- 
ing the last few years of coronary heart dis- 
ease in the armed forces of India. 

For this study, male army personnel 
(whether officers or enlisted men not stated), 
with administrative duties and weighing 110 
to 190 pounds, were selected after clinical 
examination to rule out defects possibly re- 
lated to fat metabolism. Twenty-five sub- 
jects were chosen for each of the following 
age groups: 20 to 30, 31 to 40, 41 to 50 and 
51 to 60 years. Within each age group there 
were ten vegetarians and 15 non-vegetarians. 
Fasting blood samples were drawn in the 
morning and analyzed for free and esterified 
cholesterol by the method of Sperry and 
Webb (J. Biol. Chem. 187, 107 (1950)). 

The total serum cholesterol for the various 
age groups, irrespective of dietary habits, 
were 177, 195, 209 and 215 mg. per cent, 
respectively. The increase in cholesterol 
with age was almost entirely in the ester por- 
tion. Calculation of total cholesterol to 
lipid phosphorus ratios gave values which 
were not significantly different among the 
various groups. When the total cholesterol 


values were related statistically to both the 
body weight (grouped in ten-pound inter- 
vals), and to the age, it was found that a 
higher correlation existed with body weight 
than with age. 

Although no detailed dietary information 
was provided in this report, it was stated 
that the personnel were maintained on a 
well-balanced diet of approximately 3000 
calories, of which nearly 25 per cent was 
supplied by fat. It is probable that most of 
this fat was butter fat (ghee) or hydrogen- 
ated vegetable oil. The non-vegetarians had 
a higher caloric intake, and higher propor- 
tion of fat, than did the vegetarian group. 
When the total cholesterol values were aver- 
aged according to dietary habit, the results 
for the various age groups were (vegetarian 
vs. non-vegetarian): 20 to 30 years, 162 vs. 
189; 31 to 40 years, 160 vs. 219; 41 to 50 
years, 182 vs. 226; 51 to 60 years, 179 vs. 
240 mg. per cent. When the values were ad- 
justed for differences in weight, the vege- 
tarians had significantly lower total cho- 
lesterol levels for all age groups except the 
31 to 40 year group. When all of the vege- 
tarians were compared with all of the non- 
vegetarians, the average total cholesterol 
levels were 170 and 219 mg. per cent, re- 
spectively. The vegetarians had average 
weights almost the same as the non-vege- 
tarians for three of the four age groups. In 
the 31 to 40 year group, the vegetarians 
averaged 26 pounds lighter. 

These results tend to confirm the current 
predominant theories regarding the effect 
of diet and body weight on serum cholesterol. 
Although it would have been desirable to 
have had more detailed dietary information 
about the two groups of men, the finding 
that a vegetarian diet results in lower serum 
cholesterol levels than does a diet containing 
animal fat confirms previous studies of vege- 
tarians (see Nutrition Reviews 18, 138 
(1955)). 
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This report of an increase in atherosclero- 
sis among Indians, which may be related to 
the diet, suggests that this general problem 
is not confined to the Western countries as 
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most studies to date seem to indicate. It is 
to be hoped that this study, and the clinical 
aspects which are to be published, will stimu- 
late similar investigations from the East. 


SKIN TURGOR IN DEHYDRATION 


Acute dehydration in infants with diar- 
rhea, vomiting, heat prostration and similar 
conditions makes up a large percentage of 
hospital admissions throughout the world. 
Quantitative measurement of the degree of 
dehydration is difficult even with the facili- 
ties of a well equipped laboratory. 

Evaluation of a standardized clinical tech- 
nique estimating skin turgor has been car- 
ried out in rats by V. Laron and J. D. Craw- 
ford (Pediatrics 19, 810 (1957)). Thirty-six 
albino rats, weighing between 230 and 310 
g., were dehydrated for 50 hours by simple 
water deprivation. Another group of 20 ani- 
mals was fed a low sodium diet for a period 
of five days, during the latter part of which 
water was withdrawn. Twenty-four hours 
prior to the study hypertonic dextrose solu- 
tion was injected intraperitoneally, and an 
equal volume was withdrawn after three 
hours. This procedure resulted in sodium 
losses averaging 25 per cent of the initial 
body sodium. 

The skin turgor was measured over the 
abdomen, after shaving and during ether 
anesthesia. The skin was elevated between 
the thumb and forefinger in a fold lying 
parallel to the body axis to the height of ap- 
proximately 1 cm., and was so maintained 
for exactly five seconds. The skin turgor 
time was estimated by stop-watch as the 
interval from the moment of release of the 
skin fold to that time when normal skin 
contours were completely re-established. 
Quintuplicate determinations were per- 
formed on each animal. The skin turgor time 
begain to increase with water losses of more 
than 12 per cent of total body water, when 
this was due to primary water depletion. In 


primary solute depletion the skin turgor 
time increased with losses of body water in 
excess of 7 per cent. In both conditions, how- 
ever, there was a very rapid increase in skin 


‘turgor time from control values of a very 


few seconds to as high as 80 seconds with 30 
to 40 per cent loss of the total body water. 
These authors concluded that the skin turgor 
time was a sensitive index of body dehydra- 
tion in these experimental animals, and that 
this method might have clinical value. 

The same technique, in a slightly modified 
form, was applied to small infants and young 
children by V. Laron (Pediatrics 19, 816 
(1957)). Twenty-one infants with diarrhea, 
and four patients with severe water depriva- 
tion which was induced for the purposes of 
this study, were reported. The normal skin 
turgor time in these infants was essentially 
zero. Greater changes in skin turgor time 
for a given degree of dehydration were ob- 
served in the children with diarrhea. After a 
weight loss of more than 2.5 per cent of the 
normal weight, the skin turgor time became 
prolonged and a skin turgor time of over 2 
seconds was seen in three patients with 
weight losses ranging between 5 and 13 per 
cent. The patients with primary water de- 
privation did not show an increase in skin 
turgor time until the body weight loss ex- 
ceeded 7 per cent. 

Laron points out that, in children, the 
skin contains approximately 14 of the total 
body water but this is distributed so that it 
contains 44 of the total extracellular water. 
Consequently, the skin is very sensitive to 
changes in both water and sodium metabo- 
lism. Within the skin-turgor time groups of 
the patients with diarrhea there was a cor- 
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relation between serum sodium concentra- 
tion and loss of weight. This finding is 
consistent with the observation that salt 
loss is more usually associated with a greater 
reduction in the extracellular fluid than with 
a primary water loss of similar magnitude. 
Consequently, losses of sodium from the 
body have a proportionately greater effect 
upon the skin turgor than water losses. 
In the syndrome of hypernatremia (Nutri- 
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tion Reviews 16, 229 (1957)) skin turgor is 
not usually greatly disturbed. 

Since dehydration often requires emer- 
gency treatment in infants, clinical judge- 
ment is more important than laboratory 
investigations in the initial phase of treat- 
ment. The value of measuring skin turgor, 
a procedure in clinical use for a long period 
of time, has been beautifully demonstrated 
by both experimental and clinical studies. 


GROWTH OF NAILS 


Changes in height and weight of children 
provide an index of nutritional status which 
is readily influenced by dietary alterations. 
However, in the adult, where body growth 
no longer occurs, these measures are at best 
only a static index of under- or over-nutri- 
tion. 

In an effort to find a more dynamic index 
of nutritional status, two groups almost si- 
multaneously resorted to measurements of 
finger nail growth. M. J. Babcock (J. Nutri- 
tion 55, 323 (1955)) presented an excellent 
survey of the previous attempts to develop 
methods for quantitating the growth of nails. 
The earlier work, which goes back to Robert 
Boyle in 1684, showed that the nails on the 
longer digits grow more rapidly, but all 
finger nails on an individual respond in the 
same way to external and internal factors. 

M. L. Gilchrist and L. H. D. Buxton 
(J. Anatomy 73, 575 (1939)) found a differ- 
ence in the growth rates of fingernails of 
children in the East London elementary 
school which was related to their nutritional 
status. The difference was apparent only 
between the children characterized as ‘‘sub- 
normal” and those rated either ‘‘normal’’ 
or “excellent,” with no difference between 
the latter two groups. 

Babcock (loc. cit.) compared a number of 
methods that might be used in measuring 
the growth of nails. He found that an en- 
larged photograph of the thumbnail proved 
most satisfactory. A fine scratch was first 


made on the thumbnail with a sharp scalpel. 
A red glass-marking pencil was used to fill 
the scratch. The nail was covered with 
glycerol (to prevent reflections from the 
surface of the nail) and then pressed upward 
against the bottom of a microscope slide. 
The lunula (the crescent-shaped border of 
the white area at the base of the nail) was 
accentuated by using special lighting. Photo- 
graphs of the same thumb were taken one 
week apart. 

The reproducibility of the method was 
shown by the good agreement in the meas- 
urements of the distance between the scratch 
and the lunula for the two photographs 
made at the beginning of the week. The same 
was true for the two photographs made of 
each thumb at the end of the week. 

A simpler method for measuring fingernail 
growth was used by J. B. Hamilton, H. 
Tarada, and G. E. Mestler (J. Gerontology 
10, 401 (1955)). They made a fine scratch 
on the left thumbnail and measured the dis- 
tance from there to the ‘‘corpus unguis”’ 
(body of the nail) by means of needle-point 
calipers and a magnifying glass. Six weeks 
later this distance was measured again, and 
the difference between the two measure- 
ments was used in calculating the rate of 
growth. 

Hamilton and co-workers (loc. cit.) studied 
297 males and 298 females who were natives 
of Japan. The subjects were all in good 
health and ranged in age from one to 85 
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years. A few anthropometric measurements 
were made that might be of value in estab- 
lishing the nutritional status of the subjects. 
These measurements included _ height, 
weight, and skinfold thickness, but none of 
them appeared to be related to the growth 
of the nails. 

Other reports quoted by Babcock (loc. cit.) 
and Hamilton, et al. (loc. cit.) indicate that 
the rate of growth of the nail can be re- 
duced by severe cold (J. Sapin-Jaloustre 
and T. H. Goddard, Med. J. Australia 43, 
639 (1952)), illness, prolonged starvation 
(Nutrition Reviews 7, 78 (1949)), and im- 
mobilization or paralysis of the digit. The 
results of the work of Hamilton and co- 
workers make the measurement of nail 
growth of doubtful significance in evaluating 
nutritional status. 

There are, however, a few interesting re- 
sults which are worthy of note. The rate of 
elongation of the nail in males increases from 
approximately 0.10 mm. per day in infants 
to 0.11 mm. in adolescents, and then gradu- 
ally decreases to 0.08 mm. at approximately 
the age of seventy. The rate of elongation is 
approximately 0.006 mm. slower for each 
age in females. 

Hamilton and co-workers (loc. cit.) found 
that families which had from five to eight 
children showed familial differences, with 
the members of each family scoring close to 
the family mean. 

Biting the nails or playing the piano both 
increase the rate of growth of the nails ac- 
cording to the observation of R. W. Hillman 
(Human Biol. 27, 274 (1955)) and the cita- 
tions quoted by both Babcock (loc. cit.) 
and Hamilton, ef al. (loc. cit.) 

Hamilton and co-workers (loc. cit) sug- 
gest that the decline in the rate of elonga- 
tion of the nails with age is probably a part 
of a “body-wide reduction with age in pro- 
liferation and metabolism.” 

Although no data are presented, Hamilton 
and co-workers (loc. cit.) indicate that, in a 


NUTRITION REVIEWS 


|Vol. 15, No. /1 


study of 1000 Caucasians, the rate of elon- 
gation of the nail and its change with age is 
similar to that in the Japanese. 

A remarkable confirmation of Hamilton’s 
findings was reported almost simultaneously. 
Hillman (loc. cit) studied the growth of nails 
among 300 normal subjects in New York 
City by a technique similar to that used by 
Hamilton, et al. (loc. cit.). Here, as among the 
Japanese, the growth rate increased from 
early youth to adolescence and then de- 
creased; the rate for females was slightly 
lower than that for males, and the average 
rate of increase reported by both groups 
was the same. 

Hillman (loc. cit.) claimed there was no 
seasonal variation in nail growth and that 
the rate was “unaffected by minor inter- 
current illness, change in work or dietary 
habits, or by moderate stress situations 
(e.g. scholastic examination periods).” He 
found no difference in growth of nails be- 
tween tall and short, heavy and light or 
overweight and underweight individuals. 

The report of Hamilton, Tarada, and 
Mestler (loc. cit.) and Hillman (loc. cit.) 
are interesting in that they evaluate the 
growth of a tissue which continues to in- 
crease in length throughout life. From a 
medical standpoint there are a number of 
conditions which have been reported to alter 
the character of the fingernails. Some of 
these result in distinct striations or brittle- 
ness, and although no explanation is avail- 
able as to the cause of these alterations, they 
are of some significance in clinical diagnosis 
(A Textbook of Medicine, ed. R. L. Cecil and 
R. F. Loeb, (1955) W. B. Saunders, Phila., 
pp. 791, 1387, 1470). The above study pro- 
vides a set of standards, and the method 
developed by Babcock (loc. cit.) provides a 
technique which may be useful in a quanti- 
tative study of the alterations that may oc- 
cur in fingernails of individuals with various 
diseases and nutritional disturbances. 
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PLASMA INSULIN 


Among the various physiological factors 
which influence carbohydrate utilization by 
both man and animal, insulin plays a domi- 
nant role. In most studies involving carbo- 
hydrate metabolism, in both the normal and 
in the diabetic individual, the content of 
insulin in the plasma is not known. This is 
because insulin assays have been difficult 
and unrewarding procedures. In general 
there are two broad types of insulin assays 
which have been used for the determination 
of the insulin content of plasma. 

One of the types of assay procedures em- 
ployed is that described by J. Bornstein and 
R. D. Lawrence (Brit. Med. J. Ul, 1541 
(1951)). This technique depends upon the 
change in blood sugar in specifically pre- 
pared animals after an injection of 1 ml. of 
test plasma. The test animals (rats or mice) 
are rendered diabetic with alloxan, and 
later are hypophysectomized and adrenalec- 
tomized. These animals are very sensitive 
to insulin; 449,999 of a unit of insulin will 
cause a definite hypoglycemia. Following 
these procedures the maintenance of animals 
is difficult since the mortality is high, and 
numerous animals are not suitable for assay 


purposes due to unstable blood sugar levels. 


The other general method is one which has 
been used by J. Geron, C. E. Kamminga, 
A. F. Willebrands, and J. R. Blickman (./. 
Clin. Invest. 31, 97 (1952)), and this tech- 
nique depends upon the uptake of glucose 
from a buffer solution, containing 200 mg. 
per 100 ml. by isolated rat diaphrams. While 
the rat diaphram technique is considerably 
easier, it has been reported to lack precision. 

Recently C. W. Baird and Bornstein 
(Lancet I, 1111 (1957)) have proposed a 
new method for the assay of insulin in 
plasma. Their method depends upon the 
extraction of the insulin from the plasma, 
and freeing it from both glucose and insulin 
antagonists. The technique proposed by 
Baird and Bornstein consists of adding four 
volumes of ethyl alcohol, 0.4 volume of 


tolulene, and 0.4 volume of normal buty! 
alcohol to 1 volume of freshly obtained 
plasma. The mixture is shaken for one hour, 
after adjusting the pH to 1.5 with hydro- 
chloric acid. Upon centrifuging, the super- 
natant fluid is removed and saved. The 
residue is then extracted four times with a 
solvent mixture, consisting of 1 volume of 
0.04 M sodium acetate, 4 volumes of ethyl al- 
cohol, 0.4 volumes of tolulene, and 0.4 volumes 
of normal butyl alcohol. The five individual 
supernatant fluids are combined and addi- 
tional acetone is added to obtain a final ace- 
tone concentration of 83 per cent. This pre- 
cipitates all the protein in the extract. Both 
the residue and the extracts are then dried 
in vacuum and stored. 

To test the biological activity of these 
materials the extracts are dissolved in a 
sufficient amount of a buffer so that each 
milliliter is equivalent to 0.4 ml. of original 
plasma. No glucose is found in the final 
extracts. The extracts contained 2.5 per 
cent of the protein present in the original 
plasma and all of the insulin-like activity. 
The insulin activity of the extract was then 
determined by estimating the uptake of 
glucose (mg. of glucose consumed per gram 
of rat diaphragm per hour). 

In preliminary work which was carried 
out to evaluate the assay technique, insulin 
which was labeled with S** was added to the 
plasma. The labeling of insulin was carried 
out according to the procedure described by 
W.C. Stadie, N. Haugaard, and M. Vaughn 
(J. Biol. Chem. 199, 729 (1952)). The insulin 
was tagged with radioactive sulphur by 
forming stable sulphuric acid esters with 
the hydroxy groups of the amino acids ser- 
ine and threonine. The biologic activity of 
the hormone was not altered by tagging with 
the radioactive sulphur. It was found that 
100 per cent of the radioactivity present in 
the original plasma containing radioactive 
insulin could be accounted for by adding the 
counts present in the extract to those in the 
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residue. Also 85 per cent of the radioactivity 
originally present in the tagged insulin was 
found in the extract. On testing for the bio- 
logical activity it was found that all of the 
insulin-like activity was contained in the 
extract. 

In order to determine whether or not the 
factor or factors present in the extracts, 
which facilitated the utilization of glucose, 
was insulin or a non-specific material, two 
types of inhibition studies were carried out. 
It is known that either alkali or cysteine 
will inactivate insulin. Thus, plasma ex- 
tracts were prepared and divided into four 
parts. One portion was treated with alkali 
and another portion with cysteine. Following 
inactivation, extracts were dialyzed against 
a buffer. To prevent discrepancies which 
might be due to losses during dialysis, the 
two remaining aliquots (not inactivated) 
were dialyzed in parallel. In order to elimi- 
nate variations due to traces of cysteine or 
of alkali in the extract, an identical quantity 
of these reagents was added to the buffer. 
This was then dialyzed in exactly the same 
manner as the inactivated extracts and used 
as controls in the experiments where the 
extracts were incubated with rat dia- 
phragms. The biological assay with the dia- 
phragms indicated that both alkali and 
cysteine inactivated both extracts, adding 
additional support that the material being 
determined was insulin. 

The insulin content of untreated plasma, 
and plasma which had been extracted, was 
studied in blood obtained from 22 people. 
Seven of these people were healthy adults 
between the ages of 23 and 37, eight were 
diabetic individuals whose ages ranged from 
17 to 71, and seven additional patients were 
in diabetic coma. Of the eight diabetic 
patients, one showed insulin resistance, and 
it also occurred in four of the patients in 
diabetic coma. In the case of the healthy 
individual, values of the same magnitude 
were obtained by using either the crude 
plasma or the extracted plasma. But it 
should be noted that in no case did the 
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residue left from the extracted plasma cause 
a statistically significant acceleration of 
glucose utilization. Again, this indicated 
that all of the insulin activity was present 
in the extract. The patients with diabetes 
who had not received insulin in the previous 
24 hours may be sub-divided into two 
groups; those with, and those without, 
plasma insulin as determined by the assay. 
On the other hand, in no case of diabetic 
coma was free insulin found in the plasma, 
although one of the patients had received as 
high as 8,000 units of insulin within the 24 
hours before the sample was obtained. But 
in all cases where insulin had been adminis- 
tered the extracts showed insulin activity. 

In those patients with diabetic coma it 
was found that insulin can be present in the 
plasma, but its biological activity in the 
crude plasma is masked by the presence of 
either an antagonist or antagonists. These 
inhibitors can be separated from the insulin 
by use of the extraction method proposed 
by these investigators. No evidence is avail- 
able at present which would allow one to 
speculate on the mechanism by which these 
inhibitors work. That the antagonists are 
substances which react specifically to negate 
the effect of insulin, rather than a non- 
specific toxic substance, is indicated by the 
fact that intravenous injections of the resi- 
due obtained from the plasma of an insulin 
resistant patient protected each of a group 
of 20 g. mice against the hypoglycemic con- 
vulsions induced by a standard dose of 
insulin. This work indicates also that there 
may be two kinds of antagonists, one which 
is destroyed by the extraction technique and 
another which is stable under the condition 
of this procedure, though at present it is 
impossible to state anything more specific 
concerning the nature of the antagonists. 

A number of factors influence carbohy- 
drate metabolism. These include insulin, 
thyroid, the adrenal, and the pituitary hor- 
mones. In addition the status of the liver,. 
and even of the inorganic environment of 
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the cell, have influence on carbohydrate - 


metabolism. In many cases, however, most 
of these factors can be controlled in experi- 
mental studies. The problem still arises con- 
cerning changes in insulin content of the 
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plasma. With the present methods it should 
be possible to obtain more information in 
regard to this point, and this should allow 
better explanations of both normal and 
pathological activity in patients. 


TOXICITY OF VITAMIN K ANALOGUES 


During the last two years several papers 
have appeared indicating a relationship 
between high doses of water-soluble forms 
of vitamin K administered to the newborn 
infant and the occurrence of hemolytic ane- 
mia, hyperbilirubinemia, and kernicterus 
(biliary pigmentation of gray matter of 
central nervous system). A. C. Allison 
(Lancet I, 669 (1955)) called attention to a 
small series of cases of kernicterus and he- 
molytic anemia in premature infants not 
having hemolytic disease whose only treat- 
ment had been relatively high doses of a 
water-soluble vitamin K analogue. He cau- 
tioned against the use of large doses of these 
substances in premature infants. The follow- 
ing month there appeared in this same jour- 
nal (Ibid. I, 819 (1955)) a note by T. Moore 
and I. M. Sharman stating that the intra- 
muscular injection of menadiol sodium di- 
phosphate into vitamin E deficient rats at a 
level of 10 mg. per 100 g. of body weight 
resulted in listlessness and an intense hemo- 
globinuria after a few hours. The hemoglo- 
binuria did not appear following similar 
treatment of animals adequately supple- 
mented with tocopherol. The same drug had 
no effect when administered orally. Injec- 
tions of an aqueous preparation of vitamin 
K, were also harmless to these animals. 

Confirmation of the initial findings of Dr. 
Allison soon appeared (B. Laurance, bid. 
I, 819 (1955)). This author reported the oc- 
currence of kernicterus and death in six 
premature infants shortly after the routine 
dose of water soluble vitamin K was in- 
creased from 10 mg. once on admission to 10 
mg. daily for three days. 

T. C. Meyer and J. Angus (Arch. Dis. 


Child. 31, 212 (1956)) measured the indi- 
rect reacting serum bilirubin levels in 106 
full-term and 93 premature infants on the 
second, fourth, and sixth days of life. Ap- 
proximately one-half of these infants were 
given menadiol sodium diphosphate in a 
dose of 10 mg. to full-term infants and 10 mg. 
daily to premature infants (average dose 30 
mg.). The serum bilirubin levels in the in- 
fants receiving menadiol sodium diphosphate 
were considerably higher than in those not 
receiving this medication. This effect was 
more marked among the infants weighing 
2500 g. or less, a group normally having 
higher serum bilirubin levels. In the infants 
weighing less than 1500 g. the serum biliru- 
bin levels on the sixth day of life averaged 10 
mg. per cent. Meyer and Angus concluded 
that in the case of the premature infant with 
poor liver function, the added effect of the 
menadiol sodium diphosphate might raise 
the serum bilirubin to a sufficiently high 
level to produce kernicterus. 

An increasing incidence of kernicterus 
during the five years preceding this study, 
associated with increasing dosages of mena- 
diol sodium diphosphate to premature in- 
fants, has been reported by V. M. Crosse, 
Meyer, and J. W. Gerrard (Arch. Dis. Child. 
30, 501 (1955)). These findings have been 
confirmed by J. P. Bound and T. P. Telfer 
(Lancet I, 720 (1956)). In 51 premature in- 
fants receiving an intramuscular injection 
of 1 mg. of menadiol sodium diphosphate 
the average indirect serum bilirubin on the 
fifth day of life was 9.7 mg. per cent, with 4 
per cent of the values falling above 18 mg. 


_per cent, a value commonly regarded as the 


lowest bilirubin concentration regularly as- 
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sociated with the development of kernic- 
terus. In 55 premature infants receiving 10 
mg. of menadiol sodium diphosphate intra- 
muscularly daily for three days, the average 
serum bilirubin level was 15.4 mg. per cent 
and was greater than 18 mg. per cent in 
38 per cent of the cases. This group contained 
two infants who died with kernicterus and 
in whom the diagnosis of hemolytic disease 
of the newborn could not be made. 

These observations indicate that there is a 
very real danger in the parenteral adminis- 
tration of high doses of the water soluble 
vitamin K analogues to premature infants. 
However, these observations should not be 
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interpreted to indicate that vitamin K and 
its analogues are of no value in the preven- 
tion of hemorrhagic disease in the newborn. 
Doses of these water-soluble vitamin K ana- 
logues which may be considered safe have 
been suggested by the Council on Drugs of 
the American Medical Association (J. Am. 
Med. Assn. 164, 1331 (1957)). Single doses 
of water soluble analogues equivalent to 1 
mg. of synthetic vitamin K; (Menadione) 
are adequate to prevent hemorrhagic dis- 
ease in the newborn. This would correspond 
to a dose of 3 mg. of menadiol sodium di- 
phosphate. The administration of larger 
doses would be unwise. 


THE “PRODUCTIVE ENERGY” VALUES OF FOODS 


The quoted ‘calorie value” of a human 
food is usually intended to represent its 
gross caloric value (as measured in the bomb 
calorimeter) minus the gross caloric value 
of the residues left undigested; sometimes 
with an extra correction for the smaller 
urinary losses. The energy value of animal 
foods may be expressed in a similar way, as 
in the “total digestible nutrients” (T.D.N.) 
system, or in terms of ‘“‘starch equivalents” 
which are intended to be a measure of net 
energy. “Starch equivalent” values for foods 
relate to the value of these materials for the 
deposition of fat in the tissues of adult ani- 
mals when given in addition to a mainte- 
nance ration. 

The commonly used reference tables for 
the energy values of foods to be eaten by 
poultry have a different origin. G. 8. Fraps 
(Bull. Texas Agr. Exp. Sta. no. 372 (1928)) 
derived these values from the results of 
experiments with young growing chickens. 
Feeding each of a series of mixed diets to 
chicks at the ad libitum level of intake, and 
to further chicks at half this level, he de- 
termined the mean increase in caloric value 
of the carcasses in three weeks with each 
treatment. Fraps then assumed that chicks 
use an amount of feed in proportion to their 


live-weight for “‘maintenance,” and that 
each additional gram of a diet was converted 
into tissue with a gross caloric content char- 
acteristic of the nature of the diet. On these 
assumptions, this caloric value could be cal- 
culated from simultaneous equations, and 
was termed the “‘productive energy” (P.E.) 
value of the diet fed (i.e. the net energy for 
production or growth). By the use of diets 
differing only in their level of one ingredient, 
and the further assumption that for any 
balanced diet its productive energy will be 
the sum of the values contributed by the 
ingredients, it was possible to calculate val- 
ues for individual feedstuffs. 

Tables of P.E. values were drawn up for a 
large number of materials (Fraps, /bid. no. 
665 (1944); no. 678 (1946)), though many 
of these were probably predicted from their 
similarity in chemical composition and di- 
gestibility to a feed whose value was directly 
determined. No other workers have at- 
tempted direct determinations, and esti- 
mates of the energy value of feeds such as 
tallows (fats) that were not previously con- 
sidered have also been made by indirect 
estimates in terms of chemical composition. 
The standard errors of the original values 
are unknown. 
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J. Davidson, I. McDonald and R. B. 
Williams (J. Sei. Fd. Agr. 8, 173 (1957)) 
have re-investigated the validity of these 
assumptions, and attempted a measure of 
the cumulative errors involved in determin- 
ing the P.E. value of individual foods. In 
the initial experiment, following exactly 
the original procedure with a mixed ration of 
ground yellow corn 77, white fish meal 13.5, 
casein 3 and cod liver oil 0.5, plus additional 
B-vitamins, a P.E. value of 1,660 cal. per 
gram was obtained. This was only 72 per- 
cent of the value calculated from published 
tables of P.E. values. Repetition with this 
and other rations also gave values varying 
from 60 to 90 per cent of those calculated 
from the values published for the ration 
ingredients. Replication with different breeds 
of chickens indicated that the results de- 
pended on the strain used. However, even 
within a strain the standard error was high. 

Attempts were made to reduce the errors 
by modifying the original conditions. With 
ad libitum and “half” feeding, the birds re- 
ceiving the second regimen began by losing 
carcass energy. As the weights of the groups 
widened these birds received more and more 
food until their appetite was being nearly 
satisfied by the end of the experiment. In a 
revised system the two groups received daily 
rations weighing 14 and 11 per cent, respec- 
tively, of their body weights. In later experi- 
ments each bird was, in addition, caged 
individually to ensure a uniform intake by 
individual birds. However, variability re- 
mained high, and the mean values were not 
significantly increased. 

Serial killing of chickens receiving a daily 
ration 11 per cent of their body weight 
showed that although they increased their 
body weight from 70 to 105 g. in 24 days, 
the mean carcass content of fat actually de- 
creased from 54 g. to 18 g. in the first 
week, and then increased again to 3.1 g. 
As a percentage of the total dry matter in 
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the carcass the initial value was 32, and the 
final value was 11 per cent. The authors con- 
sidered that this underlined the unreality of 
the concept of “maintenance” for a young 
growing animal. 

The general conclusions from this study 
were that this factorising method of calcu- 
lating productive energy was not reliable, 
and that determinations of metabolisable 
energy were to be preferred. This was the 
conclusion reached also by I’. W. Hill and 
D. L. Anderson (Poultry Sci. 34, 1201 
(1955)) who carried through serial determi- 
nations of both productive and metabolisable 
energy for a mixed ration and concluded 
that, with the same number of chickens, the 
standard error of the latter determination 
was only one-fifth that of the former. The 
mean determined P.E. value was again sig- 
nificantly different from the figure calculated 
from the published table of ingredients, but 
in this case it was the determined value that 
was higher, being so by 18 per cent. 

The conclusions of these two groups of 
workers seem inescapable. Despite the con- 
venience of reference to a set of available 
tables and respect for the work entailed in 
their compilation, scientific data cannot be 
generally applied until it is confirmed that 
similar results can be obtained regardless of 
time and place. Fortunately measurements 
of metabolisable energy are also available, 
and determinations made in different labora- 
tories have shown good agreement (K. J. 
Carpenter and K. M. Clegg, J. Sei. Fd. Agr. 
7, 45 (1956)). 

In this respect, therefore, poultry fall into 
line with the other species for which E. B. 
Forbes, R. W. Swift and, J. W. Bratzler 
(Penn. Agr. Exp. Sta. Bull. no. 453 (1943)) 
have given the warning that “. . . net energy 
values do not possess a general significance 
and accuracy in relation to practice cor- 
responding to the particularity of the de- 
termination.” 
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ZINC DEFICIENCY AND DIETARY CALCIUM IN SWINE 


The importance of zine in the diet of the 
rat and mouse is well known (Nutrition Re- 
views 4, 227 (1946); 8, 178, 239 (1950); 11, 
227 (1963); H. G. Day and B. E. Skidmore, 
J. Nutrition 33, 27 (1947); and B. L. Vallee 
and M. D. Altschule, Physiol. Rev. 29, 370 
(1949)). Zine is known to be an essential 
part of several tissue proteins and enzymes 
(Nutrition Reviews 11, 116 (1953); and 
Vallee, Advances in Protein Chem. 10, 318 
(1955)). 

In the past several years it has been 
recognized that parakeratosis, or “swine 
dermatitis”, in growing pigs may be pre- 
vented by adding zine to the ration (Nutri- 
tion Reviews 13, 303 (1955)). This disease is 
of widespread occurrence, especially in the 
last few years, and appears in swine receiv- 
ing practical rations composed chiefly of 
natural ingredients such as corn, vegetable 
proteins, and vitamin and mineral sources. 
In published experiments, basal rations con- 
taining excessive amounts of calcium and 
phosphorus have been used to produce the 
deficiency, but which of these two minerals 
(or both) was responsible for increasing the 
zinc requirement has not been entirely clear. 
Several recent studies on zine in swine give 
further insight into the dietary relationships 
causing this disease and into the effect of 
zine deficiency on the experimental animal. 

That zine deficiency in swine may be ag- 
gravated by high dietary levels of calcium 
rather than phosphorus has now been dem- 
onstrated by several groups. P. Kk Lewis, 
Jr., W. G. Hoekstra, R. H. Grummer, and 
P. H. Phillips (J. Animal Sci. 15, 741 
(1956)), in a study with a total of 75 normal 
weanling pigs, used a practical basal ration 
containing 0.82 per cent of calcium and 35 
p.p.m. of zinc. In spite of these seemingly 
high zinc levels (method of analysis not 
given), pigs fed this basal ration grew at a 
slow rate over the eighteen week period and 
developed severe parakeratosis unless given 
an additional 50 p.p.m. of zine (as zine sul- 


fate) in the ration. The addition of 0.6 per 
cent more calcium (as limestone) to the 
basal ration without zine significantly re- 
duced growth still further, hastened the time 
of onset of dermatitis, and resulted in death 
in five out of seven pigs in 12 weeks. All 
symptoms were prevented or cured when 100 
p.p.m. of zine were added to the high cal- 
cium ration (this level of zine appeared to 
be more effective than the 50 p.p.m. level). 
Injected zine sulfate was as effective as zinc 
sulfate given in the ration in counteracting 
deficiency symptoms, although such injec- 
tions caused severe local irritation. Contrary 
to the adverse effects of calcium, the addition 
of 1.33 per cent of monosodium phosphate 
had no effect on growth and, for some rea- 
son, significantly alleviated the severity of 
dermatitis. 

J. W. Stevenson and I. P. Earle (J. 
Animal Sci. 15, 1036 (1956)), in a study with 
48 weanling pigs, have also found that cal- 
cium is the mineral responsible for the ag- 
gravation of parakeratosis symptoms. Using 
a basal ration containing 32 p.p.m. of zinc 
(method of assay not given), they showed 
that symptoms of parakeratosis became 
more severe as the dietary level of calcium 
was increased in three graded levels from 
0.48 per cent to 1.03 per cent. Even with as 
little as 0.48 per cent of calcium, however, 
three out of six pigs had signs of parakera- 
tosis. Pigs receiving the high level of calcium 
(1.03 per cent) had a 100 per cent incidence 
of parakeratosis and these pigs made little 
or no gain over the six week experimental 
period. With all levels of calcium the pres- 
ence of 80 p.p.m. of zinc in the diet (as zine 
oxide) prevented all symptoms and resulted 
in a good rate of growth. 

Similar studies showing that zinc defi- 
ciency signs are increased by high levels of 
dietary calcium have been reported by R. W. 
Leuecke, J. A. Hoefer, W. 8S. Brammell and 
D. A. Schmidt (J. Animal Sci. 16, 3 (1957)). 
Using 100 young pigs and practical corn- 
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soybean meal rations containing about 30 
p.p.m. of zinc (A.O.A.C. method), these 
workers found that increasing the calcium 
content of the ration from 0.51 per cent to 
1.90 per cent (in three graded levels), in- 
hibited weight gain and increased the inci- 
dence of dermatitis. The addition of 50 
p.p.m. of zine as zine carbonate improved 
growth, improved feed efficiency, and pre- 
vented the occurrence of dermatitis with 
all three levels of calcium. 

Insofar as zine and calcium interrelation- 
ships are concerned, the results from the 
three different laboratories are in good agree- 
ment. It may be noted that in all studies 
zine deficiency symptoms in pigs were ob- 
served when as much as 30 to 35 p.p.m. of 
zine were present in the diet even with nor- 
mal calcium levels (0.48 to 0.82 per cent). 
Higher levels of calcium resulted in in- 
creased signs of zinc deficiency in all in- 
stances. A total of about 80 p.p.m. of zinc 
in the ration markedly reduced signs of de- 
ficiency (but did not completely prevent 
dermatitis in all studies). 

Thus, the requirement of zinc by the pig 
on practical rations appears to be very high 
as compared with the zine requirement of 
the mouse and rat on purified diets (approxi- 
mately 4 to 6 p.p.m.). The zinc level used 


in purified rations fed to swine is usually — 


less than 10 p.p.m. Animals on purified ra- 
tions do not develop parakeratosis even 
though the calcium level is approximately 
the same as that of practical rations. Since 
pigs appear to have a high zine requirement 
(up to 80 p.p.m.) only when fed practical 
rations, it would appear that certain dietary 
ingredients in practical rations in addition 
to calcium are responsible for the apparent 
high zinc requirement of swine. Which 
ingredients these are is not known and de- 
serves further study; however, certain trace 
minerals such as copper or molybdenum 
might be suspected (Nutrition Reviews 8, 
239 (1950)), as well as other minerals. 

As yet, very little is known of the bio- 
chemistry and physiology of zine deficiency 
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in swine. Hoekstra, Lewis, Phillips, and 
Grummer (J. Animal Sci. 15, 752 (1956)) 
studied the zine content of certain tissues of 
deficient swine with parakeratosis as af- 
fected by the feeding of zinc sulfate and high 
levels of calcium (as bone meal rather than 
as calcium carbonate, unfortunately). It 
was found that high levels of bone meal 
had no effect on the zinc content of liver, 
kidney, erythrocytes, blood plasma, spleen, 
intestine, or pancreas in spite of an increase 
in deficiency signs. The feeding of zine sul- 
fate, however, increased the zine concentra- 
tion of liver, kidney, and blood plasma but 
not of the spleen, small intestine, and pan- 
creas. No significant effect of the intake of 
calcium or zine was found on the pH of the 
intestinal contents. 

Stevenson and Earle (loc. cit.) studied 
changes in blood chemistry in the pig with 
parakeratosis and found small decreases in 
hemoglobin, blood sugar, serum albumin, 
and serum inorganic phosphorus in contrast 
to an increase in serum globulin (although 
all results were quite variable and not too 
convincing). Deficient pigs had a much wider 
range of serum alkaline phosphatase activity 
than control pigs but the average differences 
were not significant. Leuecke and co-workers 


(loc. cit.) reported that preliminary studies 


indicated a lowering in serum alkaline phos- 
phatase activity in zine deficient pigs. The 
significance of this change in serum enzyme 
activity is not understood. In 1940, E. 
Hove, C. A. Elvehjem, and E. B. Hart (./. 
Biol. Chem. 184, 425 (1940)) reported con- 
siderably lower levels of intestinal phospha- 
tase in zine deficient rats as compared with 
normal control animals. 

It may be stated that regardless of the 
actual cause of the apparent high zinc re- 
quirement of swine fed practical rations zinc 
must be regarded as an important trace ele- 
ment for pigs under farm conditions. High 
levels of dietary calcium are partially re- 
sponsible for the high zine requirement, but 
it is apparent that other factors in practical 
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rations are involved. These studies, there- 
fore, are important to animal nutritionists in 
formulating practical swine rations to in- 
clude sufficient zine for the prevention of 
parakeratosis, or swine dermatitis. Also, 


REVIEWS {Vol. 15, No. 11 
these studies should stimulate those inter- 
ested in the nutrition of man to give more — 
attention to a possible deficiency of this 
element, especially in world areas where 
vegetable diets predominate. 


ANTIBIOTICS AND INTESTINAL WEIGHTS OF CHICKS 


The mode of action of antibiotics in stimu- 
lating the growth of animals continues to be 
of concern to nutritionists. Aside from the 
growth effect, the most consistent effect of 
antibiotics on the bodies of chicks appears 
to be a reduction in the weight of the in- 
testinal tract (Nutrition Reviews 14, 82 
(1956); W. F. Pepper, 8. J. Slinger and I. 
Motzok, Poultry Sci. 32, 656 (1953); H. G. 
Jukes, D. C. Hill and H. D. Branion, /bid. 
35, 716 (1956)). 

In a recent study workers at the North 
Carolina Agricultral Experiment Station, 
Raleigh, have attempted to determine if 
there is a causal relationship between the 
antibiotic effect on growth and on the in- 
testine (C. H. Hill, A. D. Keeling and J. W. 
Kelly, J. Nutrition 62, 255 (1957)). 

A corn-soybean meal basal ration was 
used in most of the studies. A more purified 
casein-cerelose diet was used in a few experi- 
ments. The first series of experiments was 
conducted to determine whether the intesti- 
nal response preceded or followed the growth 
response. 

While the first experiment demonstrated 
that chlortetracycline reduced the weight 
of the small intestine within a week, no 
conclusions could be drawn as to whether or 
not this change preceded the body weight 
effect. 

In a second experiment these changes were 
recorded at daily intervals, rather than at 
weekly intervals as in the first experiment. 
Differences in intestinal weight between con- 
trol and antibiotic-fed chicks were apparent 
by the third day. No definite conclusions 
could be drawn, however, since in this experi- 


ment the antibiotic failed to stimulate 
growth significantly. 

In a subsequent experiment the antibiotic 
(procaine penicillin) was fed in concentra- 
tions of 0, 2, 10, 25, 50 and 100 milligrams 
per pound of diet. 

The highest level of antibiotic, when fed 
on the casein-cerelose diet, produced a sig- 
nificant increase in body weight in four 
weeks (593 g. as against 502 g. for the con- 
trol diet). A much lower level of antibiotic 
(25 mg. per pound) had a significant effect - 
in lowering intestinal weight (12.65 g. as 
against 17.59 g. for the control diet). 

On the corn-soybean diet, 25 mg. of anti- 
biotic per pound of diet significantly stimu- 
lated growth while the 10 mg. level was sig- 
ficient to bring about a significant lowering 
of the intestinal weight. 

These results thus clearly demonstrate 
that the intestine was more sensitive to anti- 
biotic than the total body as reflected by 
weight. The results however fail to establish 
a causal relationship between these effects. 

High-fiber diet ingredients might have an 
influence on intestinal weight that could be 
considered as disassociated from any anti- 
biotic effect on total body weight. Accord- 
ingly, Hill and associates fed 10 per cent of 
dehydrated alfalfa meal, or 10 per cent of 
wheat bran, in the basal diet. Neither of 
these feed stuffs, when fed alone in the diet, 
influenced intestinal weight. However, peni- 
cillin in these diets significantly increased 
the growth rate and also produced a de- 
crease in intestinal weights. The high-fiber 
ingredients thus failed to alter the influence 
of penicillin on intestinal weight. 

In another laboratory an interesting anti- 
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biotic effect has recently been noted (R. 
Boychers, D. Mohammad-Abadi and J. M. 
Weaver, J. Agr. Food Chem. 5, 371 (1957)). 
These workers found that the body weight 
gain of rats fed raw soybean meal was 80 per 
cent of the gains made by rats fed the auto- 
claved meal. The addition of 0.1 per cent of 
procaine penicillin plus 0.1 per cent of 
streptomycin sulfate resulted in equal weight 
gains. In other words, the growth-depressing 
effect of raw soybeans could be completely 
overcome by feeding antibiotics. 

In view of this observation, Hill and asso- 
ciates investigated the effect of high levels 
of penicillin on the growth retardation and 
intestinal weights of chicks receiving 10 per 
cent of unheated soybean meal in place of 10 
per cent of heated soybean meal in the diet. 
The observation of Boychers and associates 
was confirmed in that the growth-depression 
from unheated soybeans was completely 
overcome by the inclusion of 200 mg. of pro- 
caine penicillin per pound of diet. Further, 
the antibiotic again reduced relative intesti- 
nal weights, regardless of whether heated or 
raw soybean meal was fed. 

The experiment was repeated using 30 and 
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40 per cent of unheated soybean meal in the 
diet. Both levels of unheated soybean meal 
depressed growth but penicillin overcame 
this effect only in the case of the chicks re- 
ceiving the 30 per cent level of unheated 
meal. The significant growth response from 
the antibiotic in the presence of the 30 per 
cent level of unheated meal was, however, 
not associated with any effect on the weight 
of the intestines. 

This finding thus definitely casts doubt on 
any causal relationship between the intesti- 
nal weight reduction and the body weight 
increases associated with antibiotic feeding. 

The unusual ability of the antibiotic to 
correct the growth depression that results 
from raw soybean meal feeding is intriguing. 
It has been assumed that raw soybeans 
depress growth due to: (1) the presence of an 
anti-trypsin; (2) the presence of a toxic pro- 
tein, soyin; or, (3) the poor biological avail- 
ability of the sulphur-amino acids. Although 
these studies have failed to clarify how anti- 
biotics act in stimulating growth, they indi- 
cate that the influence of these drugs on 
intestinal weight is not directly related to 
their growth-stimulating action. 


BIOLOGICAL VALUE OF PROTEINS 


A recent review (Nutrition Reviews 15, 
151 (1957)) has again focused attention on 
L. B. Mendel’s proposal of many years ago 
that the biological value of a protein is de- 
pendent on the minimum quantity of any 
essential amino acid made available from 
it (Nutrition: The Chemistry of Life, Yale 
University Press, New Haven, Conn., 
(1923)). 

On the basis of Mendel’s concept, H. H. 
Mitchell and R. J. Block (J. Biol. Chem. 
163, 599 (1946)) evolved a system for pro- 
tein evaluation based on amino acid con- 
tent. With whole egg as a standard, the 
nutritive value of the protein was expressed 
as a “chemical score” equal to the greatest 
percentage deficit of an essential amino 


acid in the test protein. Although the above 
system has been modified several times, 
many limitations may be anticipated in 
attempting to predict the biological values 
of proteins from their chemical composition 
(H. H. Mitchell, Nutrition Reviews 10, 33, 
(1952)). One of these is the rate of release 
of amino acids during digestion (Nutrition 
Reviews 15, 151 (1957)). 

Although the results of in vitro digestion 
of various proteins with pepsin gave amino 
acid release values varying from approxi- 
mately 90 per cent in egg albumin to 45 per 
cent in white flour proteins, it would never- 
theless seem of importance in many cases 
to have some indication of essential amino 
acid proportions among different food pro- 
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teins. E. Kofranyi (Physiol. Chemie 306, 61 
(1956)) has recently developed a simplified 
method for the determination of lysine in 
proteins and has related the concentration 
of this amino acid to a predicted nutritive 
value, disregarding the digestibility of the 
protein and other factors. The method con- 
sists essentially of isolating lysine by a 
chromatographic technique, treating the 
lysine first with chloramine and with Folin’s 
phenol reagent to produce a blue color, and 
then determining the extinction coefficient 
with a colorimeter (750 mu). According to 
the author, the method, if properly carried 
out, is accurate to plus or minus one per 
cent. 

The author points out that most human 
beings consume more plant protein than 
animal protein. Even in non-vegetarians, 
the ratio would appear to be from 3:1 to 
2:1 in favor of plant amino acid. With this 
fact in mind a survey was made, utilizing 
the above technique, of various plant and 
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vegetable proteins with respect to their 
content of lysine. The average percentage 
of lysine contained in each of the following 
proteins was: beef muscle, 10.2; calf-liver, 
8.4; wheat flour, 2.9; potato flour, 4.9; red 
cabbage, 3.2; brussels sprout, 3.7; carrot, 
2.5; almond, 2.2; pea, 4.6; hazel nut, 2.4; 
walnut, 2.4; and peanut, 2.0. 

It is quite clear that less essential amino 
acid, expressed in terms of lysine, is present 
in vegetable proteins. With the exception of 
the potato and the pea, the values were 
about one-third the average for animal 
proteins. The various nuts, especially pea- 
nuts, were of the least biological value if 
the lysine content was directly indicative of 
this property. Actually, vegetable proteins 
would seem to be of less biological value 
than animal proteins for two main reasons: 
First, as a group, they apparently contain 
less of this essential amino acid; secondly, 
they are less readily digested, at least by 
pepsin under in vitro conditions. 


PLACENTAL TRANSFER OF VITAMIN A 


Administration of very high doses of 
vitamin A during certain stages of gestation 
has been found to result in the appearance 
of a large number of malformations in the 
progeny. These include anencephalia (ab- 
sence of brain), anophthalmos (absence of 
the eyes), spinabifida (absence of vertebral 
arches in the spinal column), cleft palate, 
malformation of the extremities, labial fis- 
sures, and cataracts. Such results pose the 
question of whether the excess of vitamin 
affects the embryo directly, or whether the 
embryo effect is a secondary one mediated 
by some change in maternal physiology. To 
answer this question it seems necessary first 
to determine the rate of passage of the vita- 
min from the mother to the fetus. 

K. M. Henry et al. (Brit. J. Nutrition 3, 
301 (1949)) found that the liver of the 
pregnant rat had practically no reserve of 
vitamin A and that the livers of the new- 


born contained barely one 1.u. of the vita- 
min. When the maternal hepatic reserve 
was elevated from 30 1.v. to 20,000 1.v., the 
livers of the new-born each contained from 
5 to 10 1.0. upon autopsy. 

In man (W. Neuweiler, /nt. Z. Vitamin- 
forsch. 26, 87 (1955)) the vitamin has been 
found to be transferred in both fat- and 
water-soluble form via the placental mem- 
branes, but quantitative data for the whole 
embryo or fetus are lacking. 

A. Giroud, H. Gounelle, and M. Martinet 
(Bull. Soc. Chim. Biol. 39, 331 (1957)) re- 
cently extended their original observations 
on overdosage of vitamin A to pregnant 
rats with a view toward determining the 
passage of vitamin A from the mother to 
the fetus. Vitamin A (60,000 1.U.) was given 
orally on the twelfth, thirteenth, and four- 
teenth days of gestation. The animals were 
killed at 15 days of gestation, only one day 
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after the final treatment. Experience has 
shown that the days of gestation on which 
the vitamin is administered are those which 
are most conducive to teratogenous defects. 
Control animals were also killed on the 
fifteenth day of gestation. 

Maternal livers and whole embryos were 
assayed for vitamin A by the kinetic method 
of P. Meunier and Y. Raoul (/bid. 20, 867 
(1938)), after extraction with petroleum 
ether or chloroform. It was found that 
whereas the control mothers’ livers con- 
tained 2.11 1.v. per gram, the livers of the 
treated mothers contained 5.32 1.v. per 
gram of tissue. The control fetuses gave an 
average value of 4.15 1.u. per fetus and the 
fetuses obtained from treated mothers 
averaged 10.08 1.v. per whole carcass. 
Ninety-two per cent of the latter fetuses 
displayed cleft palates and/or other de- 
formities. 

When the content of the livers of the 
individual mothers was compared to the 
vitamin A content of their own and other 
offspring, it was found that a definite cor- 


There have been relatively few studies on 
the effects of choline deficiency in the guinea 
pig. P. Handler (Proc. Soc. Exp. Biol. Med. 
70, 70 (1949)) did not observe fatty infil- 
tration of the liver in guinea pigs raised on 
choline-deficient diets. However, W. G. B. 
Casselman and G. R. Williams (Nature 173, 
210 (1954)) obtained histochemical evidence 
of increased deposition of liver fat in the 
adult guinea pig fed on a diet low in choline. 
In a more detailed study of guinea pigs 
raised on a greatly improved purified diet, 
M. E. Reid (Proc. Soc. Exp. Biol. Med. 85, 
547 (1954); J. Nutrition 66, 215 (1955)) 
noted that animals receiving a choline- 
deficient diet grew poorly and died between 
the third and fourth week, but only an 
occasional animal showed fatty infiltration 
of the liver as a result of choline deficiency. 
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relation existed between the vitamin A con- 
tent of the mothers and their own fetuses. 

The authors conclude from their findings 
that the effect of excess doses of vitamin A 
on the offspring is a direct one on the fetal 
tissues. Their chief evidence for taking such 
a stand is that the vitamin does reach the 
embryo. Despite the fact that the concen- 
tration in the embryo after treatment was 
only twice that of the control embryo, the 
authors point out that this is a significant 
change with regard to the normal environ- 
ment of the embryo. The results are in 
agreement with the general rule that terato- 
genic causes are slight. 

It would seem that the most obvious and 
striking results of the above experiments, 
namely that abnormalities appear in rat 
fetuses after one administration of a massive 
dose of vitamin A to the mother, should be 
investigated more intensively and on ani- 
mals closer to the human. It should also be 
determined whether or not random and 
excessive treatment of pregnant women with 
vitamins can be tolerated. 


She showed further that methionine, betaine, 
or ethanolamine would not serve individ- 
ually as substitutes for choline, although a 
combination of methionine and mono- 
methylaminoethanol permitted excellent 
growth in the absence of choline. 

In a further investigation of choline 
deficiency in the guinea pig, R. J. Young 
and C. C, Lucas (Canad. J. Biochem. Physiol. 
35, 1 (1957)) have performed chemical and 
histological studies on groups of animals 
raised on a highly purified diet deficient in 
choline. The purified diet contained about 
30 per cent of protein provided as a mix- 
ture of casein, peanut meal and alpha 
protein from soya beans, thus ensuring a 
relatively low methionine content. The 
other major components were cornstarch 
10, dextrin 10, sucrose 13, cellulose 15, 
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and corn oil 7 per cent. A vitamin mixture 
and a salt mixture completed the diet. 

Three experiments were conducted and 
at the end of each experiment the guinea 
pigs were killed. Sections of the livers were 
removed for histological examination, the 
remainder being retained for the determina- 
tion of total liver lipids. 

In the first experiment guinea pigs were 
raised for three weeks on the basal diet sup- 
plemented with choline, after which choline 
was omitted from the diet of half of the ani- 
mals for a six-week period. The omission of 
choline resulted in a sudden drop in the 
growth rate. Nevertheless the animals 
survived the experimental period and 
continued to eat well. Histological examina- 
tion of the livers demonstrated that stainable 
fat was distributed throughout the liver 
lobules of the guinea pigs fed the choline- 
deficient diet. The chemical analysis showed 
an increase of 5.6 to 8.0 per cent in the 
fat content of the liver on a fresh weight 
basis. This difference, while small compared 
to that observed in the rat, proved to be 
highly significant statistically. inter- 
esting observation was that, whereas the 
choline-deficient rat shows an essentially 
normal deposition of body fat, no adipose 
fat was discernable in the choline-deficient 
guinea pigs. 

In another experiment of a similar 
nature, guinea pigs were killed at intervals 
after being transferred to the choline- 
deficient diet and both liver and carcass 
analyses were performed. Between 21 and 
28 days after the transfer fat was detectable 
in the livers upon histological examination, 
but no accumulation could be demonstrated 
chemically. In contrast, the body fat, 
which comprised about 25 per cent of the 
dry weight of the carcass of control animals, 
decreased to about 12 per cent by the 
twenty-first day. 

In the third experiment, young guinea 
pigs were placed immediately on a series 
of experimental diets without a pre-feeding 
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period on the choline-containing diet. The 
five experimental groups received the basal 
purified diet supplemented as follows: (1) 
no choline; (2) 0.2 per cent of choline; (3) 
0.58 per cent of betaine; (4) 0.1 per cent of 
ethanolamine plus 0.58 per cent of betaine; 
and (5) 0.124 per cent of monomethylamino- 
ethanol plus 0.39 per cent of betaine. At 
the end of six weeks there were no survivors 
in the first, third and fourth groups, whereas 
the only casualty in the second and fifth 
groups had succumbed to a_ respiratory 
infection. 

The difference between the response of 
the guinea pigs placed immediately on the 
choline-deficient diet and that of those fed 
for a time on the complete diet before 
being subjected to depletion, goes a long 
way toward explaining the differences 
among the results of previous investigators. 
Handler (loc. cit.) terminated his experi- 
ment after three weeks which is the time 
when fat is just beginning to accumulate 
in the liver. Reid’s (loc. cit.) animals died 
between three and four weeks after being 
fed the choline-deficient diet, probably 
before any measurable accumulation of 
fat had occurred. It is evident, however, 
that after a conditioning period on a com- 
plete diet guinea pigs can survive sufficiently 
long on a purified diet to show measurable 
liver fat accumulation. 

The observations of Reid (loc. cit.), 
supported by those of Young and Lucas 
(loc. cit.), indicate that the guinea pig, like 
the chick, is unable to methylate ethanol- 
amine directly but must be provided with 
the partially methylated precursor, mono- 
methylaminoethanol. In contrast, in the 
rat betaine alone is almost as effective as 
choline. The disappearance of adipose fat 
noted in the choline-deficient guinea pig is 
also in contrast to observations on the rat 
and suggests that there are distinctly 
different effects of choline deficiency on 
fat metabolism in these two species. 
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Intensive work during the past few years 
has implicated vitamin K (Nutrition Reviews 
14, 211 (1956)), vitamin E (Ibid. 14, 29 
(1956)) and the essential fatty acids (Ibid, 
14, 345 (1956)) in some phase of biological 
oxidations. Unlike the case of the B-com- 
plex vitamins, however, it has been impos- 
sible to assign to any of these substances 
an exact role in these reactions, nor have 
any of the fat-soluble vitamins been found 
in a structure known to act as a coenzyme. 

A. Nason and his co-workers (/bid. 14, 


29 (1956)); J. Biol. Chem. 222, 497 (1956)), . 


studying a diphosphopyridine nucleotide 
(DPNH)-cytochrome C reductase from rat 
skeletal muscle, have reported that this 
enzyme loses 90 per cent of its activity 
during extraction of 10 per cent of its 
lipid content by isooctane. The activity 
could be restored by d-a-Tocopherol, but 
only in amounts many times larger than 
required for the dried isooctane extract. 
Moreover, the isooctane extract could not 
be shown to contain any tocopherol. Since 
tocopherol esters, other fat-soluble vitamins, 
fats and fatty acids could not substitute 
for tocopherol, its action appeared to be 
fairly specific but the nature of the true 
extractable lipid co-factor remained obscure. 

More recently, K. O. Donaldson and 
Nason (Proc. Nat. Acad. Sci. 48, 364 
(1957)) have reported further investigations 
on the nature of the “lipid co-factor” in 
the cytochrome C reductase system. Using 
an improved method of analysis, the authors 
found that in both the rat skeletal muscle 
extract and a bovine heart muscle prepara- 
tion, there were small amounts of tocopherols 
partially as the quinone or other oxidized 
form reducible to tocopherol by ascorbic 
acid. During the isooctane extraction, 
only 3 to 17 per cent of the tocopherol was 
extracted despite the loss of 90 per cent of 
cytochrome C reductase activity. Moreover, 
the quantity of isooctane-extracted lipid 
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necessary to restore 50 per cent of the 
activity to a deactivated enzyme prepara- 
tion contained only 0.03 micrograms of 
tocopherol, whereas 45 to 50 micrograms 
of d-a-tocopherol were necessary to restore 
activity. It was thus demonstrated that 
although the extracted lipid did indeed 
contain small amounts of tocopherol, this 
content did not explain its activity (about 
20 times that of tocopherol). 

The true nature of the concentrated 
“lipid co-factor’”’ was then investigated. By 
several analytical procedures this factor 
has been tentatively identified as a mixed 
triglyceride containing stearic, palmitic and 
oleic components. As a further indication 
of its nature, it was found that several 
natural and synthetic triglycerides and 
esters possessed the ability to restore the 
activity of isooctane-extracted cytochrome 
C reductase preparations. The authors 
suggest that the basis for activity of these 
structurally different substances may lie in 
a potentiation of the true ‘“co-factor’, 
tocopherol, by the fatty acid esters. In 
support of this theory, it was found that 
addition of active lipids increased several- 
fold the amount of reduced tocopherol 
extractable from the enzyme preparation 
by isooctane. Thus, the function of the 
lipid was postulated to be the “‘release’’ of 
tocopherol to the active sites of the enzyme. 

Although these studies further narrow 
the site of action of tocopherol in enzymatic 
oxidation-reduction reactions, they do not 
settle the question of whether this action is 
direct electron transport or an _ indirect 
function, such as a general regulation of the 
oxidation-reduction atmosphere of the cell. 
It would seem of considerable importance, 
in this connection, to obtain a clearer 
knowledge of the nature and state of the 
“lipid co-factor” under various states of 
enzymatic activity. It seems particularly 
important to ascertain whether the to- 
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copherol is indeed undergoing a reversible 
oxidation-reduction reaction, or whether 
it is irreversibly oxidized during enzymatic 
action. 

In a study which may prove to be closely 
related to that of Nason and co-workers, 
G. V. Marinetti, D. J. Scaramuzzino and 
E. Stotz (J. Biol. Chem. 224, 819 (1957)) 
have recently reported on the composition 
of the lipid content (33 per cent of dry 
weight) of cytochrome oxidase from pig 
hearts. Using a chromatographic separation, 
the authors found that there was no sterol 
ester, 46.1 per cent phospholipid, 40.3 per 
cent triglyceride, 3.34 per cent cholesterol 
and 9.73 per cent unidentified lipid. No 
tocopherol or vitamin K could be found 
despite a careful analysis. Since the lipid 
showed ultraviolet absorption peaks at 230 
and 274 millimicrons, it was thought that 
peroxidized (conjugated) fatty acids might 
be involved (principal peaks: 234 milli- 
microns for diene, 267 millimicrons for 
triene). That oxidizable fatty acids are 


ABSORPTION 


Observations by J. Y. Kiyasu and I. L. 
Chaikoff (J. Biol. Chem. 224, 935 (1957)) 
on the absorption of fructose provide 
further evidence that there is a marked 
difference between the metabolism of glucose 
and that of fructose in the intact rat (Nutri- 
tion Reviews 11, 299 (1953); 12, 39 (1954)). 
They also indicate that there may be distinct 
differences in the way these two sugars are 
handled by different species. 

The experimental procedure used in their 
study consisted of isolating a jejunal loop 
in the intact animal, inserting a polyethylene 
cannula into a prominent vein which 
drained the isolated segment, and collecting 
all of the portal blood from this segment 
for a period of 20 to 85 minutes after 
injecting a solution containing uniformly 
C-labeled fructose into the lumen of the 
loop. The C™ content of the whole blood 
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present in the cytochrome oxidase lipid 
was shown by C. Widmer (Thesis, Univer- 
sity of Rochester (1952)), who found 13 per 
cent arachidonic acid by alkali isomerization 
analysis. 

These findings re-emphasize the possibility 
that the essential fatty acids may play an 
important role in oxidation-reduction reac- 
tions at the cytochrome level. There is still 
no definite information as to whether this 
role is in electron transport, as a hydro- 
phobic matrix for positioning of the mito- 
chondrial enzymes, as a part of structure 
of the lipoprotein enzymes or, again, as 
non-specific regulators of the oxidation- 
reduction atmosphere. In this latter connec- 
tion, it is noteworthy that the lipids of 
these closely related enzymes bear a com- 
plementary relationship to each other, the 
cytochrome oxidase containing the readily 
autoxidizable essential fatty acids and the 
cytochrome reductase having the antioxi- 
dant tocopherol. 


OF FRUCTOSE 


that was collected was measured and 
radiochromatographic analyses were per- 
formed on ethanol extracts of the plasma. 
The percentages of the total radioactivity 
present in glucose, fructose, lactate and 
unidentified materials were estimated. 

In experiments with both rats and guinea 
pigs, 80 to 100 per cent of the absorbed 
radioactivity was recovered in the portal 
blood. This indicated that routes other 
than the portal blood were of little signifi- 
cance in the transport of fructose from the 
loop. 

In the rat approximately 50 per cent 
(ranging 30 to 70 per cent) of the absorbed 
fructose was present as fructose in the portal 
blood. Less than 20 per cent (with an 
average of 10 per cent) was present as 
glucose and as much as 60 per cent (averag- 
ing about 40 per cent) was present as lactate 
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and unidentified compounds. Similar results 
were obtained with alloxan-diabetic rats, 
and the results did not appear to be in- 
fluenced by the nature of the previous diet. 

In contrast, in experiments with guinea 
pigs only 10 to 30 per cent of the radio- 
activity absorbed was present as fructose 
and 60 to 90 per cent was present as glucose. 
Lactate accounted for about 10 per cent 
of the radioactivity and little or no radio- 
activity was found in unidentified spots on 
the chromatograms. 

In previous work from the same laboratory 
(Baker, Chaikoff and Schusdek J. Biol. 
Chem. 194, 435 (1952); Hill, Baker and 
Chaikoff bid. 209, 705 (1954)) it had been 
shown that, in the rat, the metabolic effects 
of feeding fructose were not identical with 
those observed after feeding glucose (Nutri- 
tion Reviews 9, 173 (1951)). Diabetic rats 
fed for several days on a diet containing a 
high percentage of glucose showed an 
impairment in the conversion of acetate 
carbon to fatty acids in the liver, whereas 
no such impairment was seen in similar 
animals fed on a diet containing an equiva- 
lent quantity of fructose. Also, normal rats 
fed on a diet containing fructose as the 
sole carbohydrate showed a loss in glucose 
tolerance and a decrease in the capacity 
of the liver to oxidize glucose to carbon 
dioxide. 

There have been reports that a large 
percentage of glucose is converted to lactate 
by isolated intestinal preparations (Newy 
Smyth and Whaler, /. Physiol. 129, / 
(1955) and Wilson and Wiseman, bid. 123, 
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116 (1954)). However, during the absorp- 
tion of glucose in the intact rat this con- 
version does not appear to be significant 
(Taylor and Langdon, Fed. Proc. 15, 1208 
(1956)). The observations of Kiyasu and 
Chaikoff (loc. cit.), however, indicate that 
in the rat a substantial portion of the 
fructose is converted to lactic acid in the 
intestine. It is unlikely that the conversion 
was brought about by the blood cells be- 
cause when C"-labeled fructose was allowed 
to stand with either rat or guinea pig blood, 
the conversion to lactate was negligible. 
These observations on fructose absorp- 
tion and transport indicate that there are 
distinct species differences in the extent to 
which absorbed fructose is converted to 
glucose in the intestine. The results suggest 
that the differences in the effects of glucose 
and fructose on metabolism in the rat 
would not be observed in the guinea pig. A 
comparative study based on these observa- 
tions might lead to a better understanding 
of the metabolism of these two sugars in 
many species, including man (Nutrition 
Reviews 9, 356 (1951)). In the rat, at least, 
and also in other species in which a large 
percentage of the fructose enters the portal 
blood unchanged, the pathway of fructose 
metabolism in the liver, in which glycogen 
is formed from fructose via triose phosphate, 
would be of considerable significance (Ibid. 
12, 154, 187 (1954); 14, 52 (1956)). Also 
these differences in the metabolism of 
glucose and fructose, and therefore of 
glucose and sucrose, might well assume 
importance in nutritional studies. 


THE ACTION OF ESTROGENS ON CALCIUM METABOLISM 


Of the mineral constituents of the body, 
the nutritional implications of calcium are 
of considerable interest. For normal growth 
and development an adequate intake, not 
only of calcium but also of vitamin D, 
must be assured. Within the body the 
utilization of calcium in bones is greatly 


modified by hormonal action. Recent addi- 
tions to our understanding of parathyroid 
hormone action have been reviewed (Nutri- 
tion Reviews 15, 188 (1957)) and indicate 
that parathormone may act on bone by 
promoting bone citrate production. 

Among the other hormones which are 
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known to affect calcium and bone meta- 
bolism, the estrogenic hormones of the 
ovary should be mentioned. In man, 
estrogens have been demonstrated to induce 
calcium retention and have been used 
therapeutically in the treatment of osteo- 
porosis. The effects of estrogens in other 
species have been unpredictable. The serum 
calcium has been variously reported to be 
elevated, unchanged, or depressed by 
estrogens in different reports. 

An interesting investigation of the effect 
of estrogens on the fate of radioactive 
calcium in rats has been published (G. Man- 
unta, J. Saroff and C. W. Turner, Proc. Soc. 
Exp. Biol. Med. 94, 785 (1957)). Ca*® was 
injected intraperitoneally for four days into 
six groups of adult rats. Two days after the 
last injection, the animals were killed and 
the radioactivity in bone and serum was 
determined. As compared with a control 
group, an estradiol treated group had 
significantly higher radioactivity in the 
serum despite the fact that the bone radio- 
activities were similar. Parathyroidectomy 
lowered the bone radioactivity without 
altering the serum radioactivity. When 
estradiol was injected into parathyroid- 
ectomized rats the serum radioactivity was 
increased. It is quite puzzling to find that 
parathyroid extract likewise lowered the 
amount of Ca** which was found in bone. 
Estradiol, given in conjunction with para- 
thyroid extract, promoted the entrance of 
the isotope into bone and increased its 
level in the serum. 

These observations are quite consistent 
in demonstrating an effect of estradiol in 
inducing higher Ca* levels in serum. In 
some respects estradiol antagonized the 
action of the parathyroid hormone on bone. 
One would suspect that either the urinary 
or fecal excretion of Ca*® was decreased in 
these experiments and it is unfortunate that 
such measurements were not made. 

A similar experimental approach has 
been used to study the effect of estrogens 
on the metabolism of calcium in the lactating 
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rat. Ca** was injected into two groups of 
rats soon after parturition and the injections 
continued for three days. The number of 
suckling rats was limited to six for all the 
mothers. Five days post partum the rats 
and their offspring were killed and the 
distribution of radioactivity was determined. 
One experimental group received 1.5 ug of 
estradiol benzoate daily and the other re- 
mained as a control group. No inhibition of 
milk secretion in the estrogen treated group 
occurred because the offspring showed equal 
weight gains in both groups. Moreover, 
the amount of radioactivity in the litters 
of the estrogen treated group was not 
significantly different than that of the 
control group. 

The type of effect of estradiol in this 
experiment is similar to that observed in 
the first experiment; namely, a greater 
retention of radioactivity in the serum 
with equal or greater amounts incorporated 
into bone. The possibility that this action 
might have application in veterinary 
medicine was suggested. ‘“‘Milk fever” in 
cows is attributed to acute hypocalcemia 
incident to the initiation of lactation. 
Estrogen administration might forestall 
such a complication. 

The possible action of estrogens in 
altering the binding of calcium by plasma 
proteins was investigated using paper 
electrophoresis. Serum was obtained from 
rats which had been injected with Ca* 
and applied to filter paper saturated with 
barbital buffer pH 8.6. After the electric 
current had separated the serum proteins, 
the location of the radioactivity in respect 
to the protein components was determined. 
The greatest amount of radioactivity was — 
associated with albumin and alpha globulins 
of normal rat serum. In the estrogen treated 
animals’ serum, most of the isotopes were 
found with beta and gamma globulins. 
The validity of these conclusions may be 
questioned on technical grounds. The 
method used has been extremely useful in 
determining the distribution of substances 


November, 1957) 


which are tightly bound to certain proteins. 
With weakly bound materials, such as 
calcium ion, the situation is different and 
considerable elution artifacts are to be 
anticipated. 

The papers which have been reviewed 
establish a major action of estrogens in 
promoting calcium conservation in the 
rat. The exact mechanism of this action is 


Characteristic morphologic changes were 
observed in the adrenal cortices of rats 
subjected to prolonged periods of a low 
sodium diet by H. W. Deane, J. H. Shaw 
and R. O. Greep (Endocrinology 43, 133 
(1948)). Hypertrophy and altered lipid 
content of the zona glomerulosa took place. 
They postulated that this outermost region 
of the adrenal cortex was the site of produc- 
tion of a postulated adrenal salt hormone. 
These observations preceded the chemical 
identification and synthesis of the mineralo- 
corticoid, aldosterone. This advance has 
been reviewed previously (Nutrition Reviews 
11, 218 (1953); 12, 280 (1954)). 

A surprising amount of information has 
been accumulated by investigators using 
the difficult biological assay for aldosterone 
concerning the conditions under which this 
hormone is released (Ibid. 18, 281 (1955)). 
It has been found that under most cireum- 
stances restriction of sodium or induction 
of sodium depletion results in the over- 
production of aldosterone. However, experi- 
mental studies attempting to define the 
exact stimulus for aldosterone secretion 
have yielded contradictory results. F. C. 
Bartter (Metabolism 5, 369 (1956)) has 
presented evidence obtained by a number 
of experimental approaches in man which 
suggest that the secretion of aldosterone is 
not determined simply by the level of 
serum sodium but is triggered by some 
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not clarified by these studies. An alteration 
in the renal or intestinal handling of calcium 
would be most deserving of scrutiny. Despite 
the fact that the isotopic calcium was 
administered parenterally, the observed 
effects could be due to increased intestinal 
absorption since endogenous calcium enters 
the gut to a major extent to be mixed with 
exogenous calcium and to share its fate. 


volume sensitive receptor within the extra- 
cellular space. 

A recent contribution to this field has 
been a correlation between the functional 
capacity of the adrenal cortices of salt 
depleted rats and the morphologic changes 
which occurred in the adrenal cortex. A. B. 
Eisenstein and P. M. Hartroft (/ndocrino- 
logy 60, 634 (1957)) placed young male rats 
on a purified diet containing only traces of 
sodium. Moreover, the rats were given 
distilled water to drink. The experimental 
group was matched by a pair-fed control 
group of rats. Observations were made for a 
total of 60 days during which time the 
sodium depleted animals grew much less 
than the control rats and developed consider- 
ably lower values for the serum sodium. Ani- 
mals were sacrificed at intervals during the 
experimental period, and the adrenal weight, 
steroid production in vitro, and the histologic 
appearance of the glands were observed. 
The weight of the adrenals was found to be 
significantly higher in the rats subjected to 
sodium restriction for more than two weeks. 

The total steroid released into an incuba- 
tion medium in the presence of ACTH was 
measured by a spectrophotometric method. 
Whereas the net steroid production per 
adrenal increased in the control rats in 
proportion to the increase in adrenal weight, 
the steroid production of the experimental 
rats showed no increase in steroid produc- 
tion despite the fact that their adrenal 
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glands more than doubled in weight. Of 
great interest were the qualitative changes 
which occurred in the steroids as demon- 
strated by chromatography. Four detectable 
steroids were liberated into the incubation 
medium by the normal rat adrenal in the 
presence of ACTH. Steroid 1 was hydro- 
cortisone, steroid 2 was aldosterone, and 
steroid 4 was corticosterone. The nature of 
steroid 3 has not been elucidated. When 
the period of sodium restriction was nine 
days or more there was an easily recognizable 
increase in the intensity of the aldosterone 
spot on the chromatograms. It was also 
evident that there had been a decrease in 
steroid 4, corticosterone, the principal 
corticoid of the rat adrenal. The intensity 
of the unidentified spot of steroid 3 also 
decreased. 

Th> histologic aspects of this experi- 
ment were reported separately (Hartroft 
and Eisenstein Endocrinology 60, 641 


(1957)). The glands of the sodium deficient 


rats appeared grossly to be grayish to 
white, instead of the normal pink color of 


the rat adrenal. Enlargement of the zona 
glomerulosa occurred as early as the second 
day of the low salt diet and progressed 
during the two months of the experimental 
period. At the completion of the experi- 
ment the zona glomerulosa was eight times 
larger than that of the control rat. Lipid 
accumulated in the zona glomerulosa during 
this period; first as droplets and later as 
globules. Particularly noteworthy was the 
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atrophy of the zona fasiculata, the region 
of the cortex lying beneath the glomerulosa, 
which became both narrower and depleted 
of lipid. 

These observations are valuable additions 
to the experimental literature concerning the 
bodily changes induced by sodium depriva- 
tion. They are interesting because of the 
completeness of the dietary sodium restric- 
tion and the fine correlation of morphologic 
changes and functional capacity. The 
failure to quantitate the individual steroids 
on the chromatograms more adequately 
would appear to be the only shortcoming of 
this experiment. The hypertrophy of the 
glomerulosa and the increased aldosterone 
production induced by sodium restriction 
confirm and amplify previous work in this 
field. The unexpected observation of the 
authors is the atrophy of the fasiculata, 
which was associated with a decreased total 
steroid production and impaired in vitro 
corticosteroid production. It is generally 
accepted that aldosterone secretion is not 
directly controlled by ACTH. In the 
experiment of Eisenstein and Hartroft, 
ACTH production may actually have been 
decreased to account for the atrophy of 
the zona fasiculata. Another explanation 
would be that the hypertrophied glomerulosa 
may have encroached physically upon the 
fasiculata and impaired its ability to secrete 
corticosterone. As yet there is no clear-cut 
parallel to this observation in man or 
other species. 


NATURE OF THE TOXIC SUBSTANCES IN OVERHEATED OILS 


Although the toxicity of heated and 
aerated oils has been investigated in many 
laboratories, it has not been possible to 
determine from these studies either the 
exact nature of the toxic principle involved 
or the site and mechanism of its action 
(Nutrition Reviews 2, 18 (1944); 14, 28, 122 
(1956)). This has probably been due to 
the many different methods of treating the 


oils, the different types of oils used, and the 
multiple nature of the toxie substances. 
Two studies have recently appeared, which, 
although conducted under quite different 
conditions, have served to delineate the 
structural requirements conducive to pro- 
duction of toxicity during thermal treatment 
of oils. 

O. C. Johnson, T. Sakuragi and F. A. 
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Kummerow (/. Am. Oil. Chem. Soc. 33, 433 
(1956)) have studied the effect on rats of 
diets containing 20 per cent of corn oil, 
margarine or butter fat heated in air in a 
manner similar to that used in commercial 
deep fat frying (200°C for 24 hours in 
equilibrium with air). In all three fats there 
were small decreases in iodine values and 
increases in acid and peroxide values. The 
latter increases (15 to 18 mEq/kilo) were 
quite small compared with those obtained 
by aeration at lower temperatures, possibly 
because of destruction and further reaction 
of the peroxides first formed. The diets 
were fed both ad libitum (corn oil and butter) 
and on a pair feeding basis (all three fats). 
Weanling rats were kept on their respective 
diets nine weeks in the first experiment and 
26 days in the second. In both cases, the 
animals fed the oxidized corn oil had 
markedly lower growth rates than control 
animals receiving fresh oil, and developed 
such symptoms as diarrhea, rough fur, and 
decreased food intake. The heated mar- 
garine-fed animals had moderately reduced 
growth rates as compared to control animals 
while the butter-fed animals showed no 
differences between control animals and 
experimental animals. 

It is evident, from these results, that the 
toxic effect of the heated oils varied as the 
polyunsaturated fatty acid content. Since 
the peroxide values of all the heated oils were 
approximately the same, some form of 
polymerized or altered product must have 
been responsible for the effects. Unfortun- 
ately, no analysis for such compounds was 
made in these studies. From the symptoms 
observed, it was difficult to say what basic 
mechanism was responsible for their produc- 
tion. Since substitution of fresh corn oil 
for the oxidized oil resulted in apparently 
complete recovery, no permanent metabolic 
damage was produced. The most likely 
possibility appears to be an irritation of the 
intestinal tract by some substances in the 
heated oil. 

The possible nature of these substances 
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has been under study by Kk. W. Crampton 
and his co-workers for some time, although 
their production has been carried out under 
markedly different conditions. In a recent 
study, E. W. Crampton, R. H. Common, 
E. T. Pritchard and F. A. Farmer (J. 
Nutrition 60, 13 (1956)) have reported 
studies with polymerized linseed (reported 
from previous studies), soybean, and sun- 
flower seed oils (heated at 275°C under 
carbon dioxide for 12 to 26 hours). The 
ethyl esters prepared from the three heated 
oils were separated by distillation and urea 
segregation into distillable (largely mono- 
meric) and non-distillable (largely poly- 
meric) adduct-forming (largely straight 
chain) and non-adduct-forming (largely 
“eyclic monomer’’) fractions. All fractions 
were fed at 10 and 20 per cent levels for 28 
days. Low weight gains and deaths occurred 
largely in the “cyclic monomer” and 
polymer fractions derived from linseed oil 
and, in some cases, from soybean oil. The 
most toxic fractions were the “cyclic mono- 
mers,” especially from linseed oil. The 
polymeric fractions were poorly digested 
but apparently were efficiently utilized if 
absorbed. However, these materials pro- 
moted diarrhea and sticky feces which, in 
some cases, prevented continuation of the 
diet because of the state of the animals. 

Examination of the non-adduct-forming 
fractions from the three oils by alkali 
isomerization revealed marked differences. 
Both sunflower- and soybean-derived pro- 
ducts contained large amounts of both 
readily (25 minutes) and difficultly (6 hours) 
conjugatable diene as shown by increases 
in absorption at 233 millimicrons. The 
linseed fractions, however, although they 
possessed higher iodine numbers and re- 
fractive indices, contained little conjugatable 
diene. 

Thus, it appears from these data that 
the production of highly toxic substances 
from heated oils depends on large propor- 
tions of fatty acids containing three or 
more double bonds. In the present case, 
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linseed oil contained 47 per cent, soybean 
oil contained 9 per cent and sunflower seed 
oil held essentially none. Moreover, the 
most toxic compounds formed during the 
anaerobic heat treatment are apparently 
“eyclic monomers”, containing little con- 
jugatable unsaturation. However, the exact 
structures of these substances are still 
unknown. 
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In these experiments as in previous 
studies, no information was obtained as to 
the mechanism of action of the toxic sub- 
stances. Moreover, since the heating was 
carried out anaerobically, no peroxides were 
produced to contribute to the toxic effect. 
It is evident that these complex problems 
will be answered only by attacks from 
several directions. 


MECHANISM OF GROWTH PROMOTING EFFECT OF ANTIBIOTICS 


The growth promoting action of anti- 
biotics under certain experimental conditions 
is well established (Nutrition Reviews 8, 


298 (1950)). The mechanism of this effect, . 


although much discussed, has not been 
elucidated. The two major possibilities are 
that the antibiotics exert some vitamin- 
like catalytic effect per se, or that they func- 
tion by alteration of the microbial population 
of the animal. In the latter possibility the 
effect is usually considered to be on the 
microflora of the intestinal tract. 

In order to obtain a significant growth 
response to antibiotics it is necessary to 
feed the animal an inadequate diet. Animals 
deficient in any one of several vitamins 
(Ibid. 14, 124 (1956)) or protein (Ibid. 12, 
152 (1954)) respond to antibiotics. The 
non-specific nature of the dietary deficiency 
which conditions the animal to respond to 
antibiotics argues against a vitamin-like 
action of the drugs. The antibiotics could 
function through a generalized effect on 
metabolism by affecting hormonal action 
for example. This explanation is unlikely in 
view of the fact that antibiotics with widely 
differing chemical structure are effective in 
promoting growth. Also it has been reported 
that antibiotic feeding does not influence the 
basal metabolic rate of rats (Ibid. 18, 117 
(1955)). 

Many attempts have been made to 
measure the influence of antibiotic feeding 
on the intestinal microflora of the host 
(Thid. 12, 244 (1954)). The results, in general, 


have been equivocal. There are many 
varieties of bacteria in the intestinal con- 
tents, and their enumeration is laborious 
and probably never complete. In another 
approach to this problem comparisons have 
been made of the growth response of oral 
versus injected antibiotics, and the recent 
report of E. C. Dick and K. R. Johansson 
(Antibiotics and Chemotherapy 7, 349 (1957)) 
may shed light on the mechanism of the 
growth promoting action of these substances. 
Weanling rats were given a soybean protein 
basal diet which was deficient in vitamin By». 
The influence of oral and injected anti- 
biotics on growth was measured. 

Oxytetracycline was effective in stimu- 
lating growth only when administered 
orally while chlortetracycline and penicillin 
were effective when administered orally or 
parenterally. Bacitracin was effective in 
stimulating growth only when given by 
injection. Interesting data were obtained 
when intestinal antibiotic concentrations 
were determined. The intestinal concentra- 
tion of chlortetracycline in animals given 
the drug by injection was only 10 per cent 
of the amount found in the intestinal 
contents of animals given the antibiotic 
orally. Yet, the two modes of administra- 
tion of the drug were equally effective in 
promoting growth. The injection of baci- 
tracin resulted in a significant growth 
promotion although there were no detectable 
quantities of the drug in the intestinal 
contents. 
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In other experiments it was found that 
injected carbomycin B stimulated growth 
while the oral administration of this anti- 
biotic was ineffective. 

The overall results of these experiments 
indicate no correlation between the intestinal 
concentration of antibiotics and _ their 
growth promoting effects. There is suggested 
a correlation between tissue concentration 
of the antibiotics and growth promoting 
action. Thus bacitracin, which is known to 
be poorly absorbed from the intestinal 
tract, was ineffective in promoting growth 
when given orally but was quite effective 
by injection. The observation that some of 
the drugs were more effective orally may 
be the result of their rapid excretion when 
injected, since, under the latter condition, 
they would not be available to tissues. 

If the growth promoting effects of anti- 
bioties are related to tissue levels of the 
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drugs, the possible explanations are a direct 
vitamin-like action or an effect on the general 
“disease level” of the host. There is no 
direct experimental evidence for the former 
possibility, and it seems unlikely as discussed 
earlier. There is evidence for suggesting an 
effect of the antibiotics on the general 
disease level. It was shown that chickens 
raised in an old environment gave a growth 
response to antibiotics whereas chickens 
kept in new quarters gave no such response 
(Nutrition Reviews 14, 127 (1956)). The 
suggestion was that chickens kept in old 
quarters suffered from a sub-clinical infec- 
tion which was alleviated by the antibiotics. 
‘The fact that animals fed an inadequate 
diet are more responsive to antibiotic 
supplementation may be a reflection of the 
influence of adequate nutrition on the 
resistance to infection. 


SULFATE METABOLISM OF CARTILAGE 


Cartilage is evidently not the inert 
tissue it has been thought to be, and sul- 
fate is not simply a waste product of cystine 
and methionine metabolism. The striking 
observation of L. Thomas (J. Exp. Med. 104, 
245 (1956)), that rabbit ears collapse within 
four hours of intravenous papain injection, 
with depletion of the cartilage matrix and 
loss of its basophilia, apparently indicates a 
rapid dissolution of chondroitin sulfate. 
Equally astonishing is the regeneration of 
the matrix, which largely is completed in 
four days and preventable by cortisone. 

Studies on wound healing indicate that 
cortisone may prevent the synthesis or 
deposition of sulfated mucopolysaccharides 
in tissues, and the biochemical lesion in 
scurvy may well be a related one. Effects in 
some ways opposed to these may be seen in 
experimental lathyrism and following ad- 
ministration of pituitary growth hormone. 

The important effects of experimental 
lathyrism (or ‘‘odoratism’’) on rat cartilage 


lend further support to the concept that 
this is indeed a rather active tissue, con- 
sidering its low cellularity. D. W. Menzies 
and K. W. Mills (J. Path. Bact. 73, 223 
(1957)) showed both in aorta and bone that 


the basic lesion is an accumulation of 
chondroitin sulfate with a breakdown in 
supporting structures. 

But one of the best-known agents affecting 
cartilage is growth hormone. The increase in 
width of the proximal end of the tibia in 
the hypophysectomized immature rat is the 
basis of the most sensitive assay method 
available. The extraordinary proliferation 
of cartilage induced by growth hormone has 
stimulated research on the mechanisms of 
this effect. Little is known of the metabolism 
involved and therefore considerable interest 
attaches to the effect of growth hormone on 
sulfate uptake by the chondroitin of car- 
tilage. It is interesting, incidentally, that 
the hormone is reported to contain 2.3 per 
cent cystine and 3.1 per cent methionine. 
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with 1.3 per cent sulfur. Whether or not 
these values have anything to do with 
sulfate uptake by cartilage remains to be 
seen. 

D. D. Dziewiatkowski (J. Biol. Chem 189, 
187 (1951)) and H. Bostrém (/bid. 196, 
477 (1952)) established that chondroitin 
sulfate, the principal constituent of cartilage, 
readily takes up sulfate in the living rat. 
8. Ellis, J. Huble, and M. E. Simpson 
(Proc. Exp. Biol. Med. 84, 603 (1953)) 
showed that this is greatly reduced by 
hypophysectomy and partially restored by 
growth hormone. Others have shown similar 
effects of lesser degree in a variety of tissues 
(Nutrition Reviews 14, 26 (1956)). 

W. D. Salmon and W. H. Daughaday 
(J. Lab. Clin. Med. 49, 825 (1957)) have 
studied the incorporation of sulfate by rat 
cartilage in vitro and have found evidence 
for a hormonally controlled serum factor 
which stimulates the process. These investi- 
gators used previously hypophysectomized 
rats. Cleaned specimens of cartilage were 
incubated at 37° C. for 24 hours with Krebs’ 
phosphosaline buffer containing glucose, 
penicillin, streptomycin, and S**-sulfate, 
with or without serum or plasma. The 
cartilage sulfate was isolated as barium 
sulfate. Radioactivity was determined and 
expressed as counts per milligram of wet 
cartilage, or converted to sulfate uptake in 
micrograms per 100 mg. of wet cartilage. 

The sulfate uptake was similar for costal, 
nasal or xiphoid cartilage and the mean 
uptake by cartilage from hypophysectomized 
rats was less than one half that of cartilage 
from normal rats. The mean sulfate uptake 
by cartilage from hypophysectomized rats 
treated with growth hormone (1 mg. per 
rat in divided doses 42, 24 and 16 hours 
before the rats were killed) was similar to 
that of cartilage from normal rats. 

The sulfate uptake of cartilage from 
hypophysectomized rats, incubated in plas- 
ma from hypophysectomized growth hor- 
mone-treated rats, was more than twice 
that of similar cartilage incubated in plasma 
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of hypophysectomized rats and it was 
comparable to that with normal plasma 
Addition of growth hormone, in vitro in a 
buffer medium, to cartilage from hypophy- 
sectomized rats showed little or no stimula- 
tion of sulfate uptake. Insulin in buffer had 
no significant effect on uptake by cartilage 
from normal rats and hypophysectomized 
rats except at high levels (0.14 units per 
ml. in the former, and 0.1 and 1.0 units per 
ml. in the latter). No effect was found at 
0.1 units per ml. in the case of cartilage from 
growth hormone-treated hypophysectomized 
rats. L-thyroxine and L-triiodothyrionine 
in buffer had no effect. 

The authors not only have confirmed in 
vitro the effects of hypophysectomy and 
growth hormone administration on sulfate 
uptake of cartilage, but have shown that 
the process is stimulated by normal rat 
serum or that from hypophysectomized 
rats treated with growth hormone. The 
effects of this ‘sulfation factor’ could be 
demonstrated in as little as 0.01 ml. of 
serum, and the studies provide a convenient 
assay technique. 

The most obvious possibility, that the 
sulfation factor is growth hormone, seems 
ruled out by the finding that this substance, 
added in vitro, produced only trivial stimu- 
lation even in high concentrations. Likewise 
Salmon and Daughaday believe their 
evidence reasonably excludes insulin. The 
factor is also apparently not glutamine, the 
“sulfate exchange stimulating factor” of 
H. Bostrém, et al. (Ark. f. Kemi 8, 469 
(1956)), inasmuch as Salmon and Daugha- 
day found no effect on sulfate incorporation 
by cartilage from normal or hypophysec- 
tomized rats when this substance was added 
to the incubation mixtures. The work of 
Bostrém et al. was done on cartilage from 
suckling calves, so that species difference 
may well exist. Salmon and Daughaday 
report several experiments in which con- 
siderable activity remained in normal rat 
serum after dialysis. They conclude that 
their sulfation factor is either a protein or 
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protein-bound, though activity is retained 
after heating to 60° C. for 15 minutes. 

It is tempting to speculate on the nature 
of the factor, though the authors have not 
characterized it further. Is it simply growth 
hormone adsorbed on one of the serum 
proteins, or is it some immediate metabolic 
component released by growth hormone, to 
be used at the site of sulfation as are gluta- 
mine, uridine diphosphate or any of other 
postulated predecessors of chondroitin? Is 
chondroitin formation increased by the 
sulfation factor, allowing more sulfate to be 
taken up, or may chondroitin sulfate be 
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sulfated variably up to a maximum; or, 
does the substance remove already bound 
sulfate in some way, freeing loci in the 
chondroitin molecule for further binding of 
sulfate from the surrounding medium? We 
shall await further studies with interest. 

In summary, chondroitin sulfate can be 
depleted rapidly by intravenous papain. 
This material accumulates excessively in 
experimental odoratism. Growth hormone 
not only stimulates cartilage growth greatly, 
but also increases sulfate uptake. The 
“sulfation factor’ in serum is not growth 
hormone but is controlled by it. 


NOTES 


Letter to the Editor 


Sir: 

In the review of the work of Fisher, 
Salander, and Taylor on the supplementary 
effects of glycine, arginine, and methionine 
when added to chick diets containing casein 


as the protein source (Nutrition Reviews 15, 
43 (1957)), the statement is made that in 
comparisons to previous reports “the most 
glaring discrepancies concern the effects of 
supplementary glycine and creatine.’ Fisher 
et al. obtained a relatively slight growth 
response to glycine supplements alone. It 
may be worthwhile to recall that Hegsted, 
Briggs, Elvehjem and Hart (J. Biol. Chem. 
140, 191 (1941)) compared the growth re- 
sponse of glycine, arginine, and the combi- 
nation using both White Leghorn and Ply- 
mouth Rock chicks. Substantial responses 
to either supplement were obtained with 
the Leghorn chicks and, as would be ex- 
pected, the combination gave still better 
growth. Plymouth Rock chicks grew much 
better on the basal casein diet than did the 
Leghorns and the responses to glycine and 
arginine or the combination were small. It 
was concluded that ‘feather formation is a 
primary factor in the high arginine and 
glycine requirements of chicks.”” Leghorns 
feather very rapidly while Plymouth Rocks 


feather slowly. The results of Fisher et al. 
using a White Rock-New Hampshire cross 
are thus not necessarily contrary to expec- 
tation nor to data in the literature. The 
precedence that feather growth apparently 
takes over other tissues in the body is of 
interest. It would probably be advantageous 
when protection from the elements or cold 
temperatures was more important than 
body size, but much protection from the 
elements is certainly not necessary under 
modern conditions of poultry raising. 
Feather growth is a trap and a one-way 
street. Amino acids deposited in feathers 
cannot be mobilized for other tissue forma- 
tion or maintenance even though such may 
be desirable This provides a good demon- 
stration of the importance or usefulness of 
the “dynamic state.”” On the other hand, 
feather formation may be a useful tool in 
determining those factors which influence 
protein formation since catabolic activities 
would presumably play a small role. 
Finally this may be a useful place to 
point out that “chicks” are not just “chicks” 
and that nutritional requirements depend 
upon the functions that have to be fulfilled. 
D. M. Heestep 
Associate Professor of Nutrition 
Harvard School of Public Health 
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Reduction of Serum Cholesterol by Diet 


Considerable controversy exists as to the 
most efficacious means of reducing elevated 
serum cholesterol levels. The changes in 
serum cholesterol level produced by diets 
low in fat, and by those high in polyun- 
saturated fatty acids, have been reported 
by a number of workers (Nutrition Reviews 
15, 1 (1957)). In most of these cases the 
special diet has been used for a period of a 
few months or less. 

A study of patients who were maintained 
on a low-fat diet for thirteen or more months 
was presented by P. B. Roen (Geriatrics 11, 
200 (1956)). He found that when 50 patients 
in an arteriosclerosis clinic in Los Angeles 
were put on low-fat diets which they pre- 
pared at home, they all showed reductions 
in their serum cholesterol levels. The initial 
cholesterol levels in these patients ranged 
from 210 to 600 mg. per cent, with an aver- 
age of 331. The ten patients with the highest 
initial cholesterol levels (365 to 600 mg. per 


cent) showed an average reduction of about 
200 mg. per cent. For the entire group the 
average reduction was 146 mg. 

These patients were followed for periods 
ranging from 13 to 72 months. The serum 
cholesterol decreased to a low level at an 
unstated period after the initiation of the 
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low-fat diet. There was some increase in the 
level thereafter, but at the end of the ex- 
periment an average of 82 per cent of the 
maximum reduction in cholesterol level was 
still present. This reduction was proportional 
to the initial cholesterol level, with the 
patients who had the higher initial level 
maintaining the higher percentage of their 
maximum reduction. ; 

It is unfortunate that a more complete 
analysis of the data was not undertaken. 
The changes in the cholesterol levels with 
time, and the relation of body weight 
changes and the age and sex of the patients 
to the cholesterol blood changes would have 
been desirable. It would have been very 
helpful to know the type of diet recom- 
mended to the patients, how well they fol- 
lowed the diet, and whether the reductions 
in serum cholesterol were associated with 
any improvements in the condition of the 
patients. 


Recent Nutrition Books 


Basic Nutrition. ©. W. McHenry, M.A., 
Ph.D., F.R.SAC.). J. B. Lippincott Co., 
Philadelphia. Price $5.00. Pp. 380. 

Yssentials of Nutrition. Fourth Edition. 
Henry C. Sherman and Caroline Sherman 
Lanford. The Macmillan Co., New York. 
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